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INTRODUCTION 

Eriksson and Henning (j)* and Stakman and Levine {if) have shewn 
that the urediniosporcs of the various biologic forms of Puccinia graminis 
Pers. differ considerably in size. Stakman and Levine also have shown 
that the urediniosporcs of any of the biologic forms become appreciably 
smaller when the rust is grown on fairly resistant host plants or under 
other extremely unfavorable environmental conditions. 

A mathematical analysis of spore measurements in this connection is 
of considerable value. Pearl and Surface (7) say, “It is certain that not 
only are quantitative methods needed in biology, but also that a far 
more serious need is for something of the methodological viewpoint.” 
Rosenbaum (ro) further emphasizes this need by saying “The biometric 
methods therefore furnish a means of extending the descriptive method 
and of expressing quantitatively what investigators have heretofore 
attempted to express qualitatively.” This would seem to have a special 
application in the case of biologic forms, which have always been dis- 
'.tinguished on the basis of their physiologic behavior rather than that of 
th0 morphologic structure. 

The object of this work was to determine by means of statistical 
studies the morphologic identity, i. e., the limits of variation and the 
biometric constants for length and width, of the aeciospores, uredinio- 
spores, and teliospores of the different biologic forms of stem rust. The 
studies described in this paper were limited to Puccinia graminis iritici 
Erikss. andHenn.,P. graminis secalis Erikss. and Henn., P. graminis 
avenae EriRss. and Henn., P. graminis phleipraiensis (E. and H.) Stak. 
and Piem., and P. graminis agrosiis Erikss. It is intended, however, to 
extend the study to a number of the more important forms of the wheat 
stem rust, P. graminis tritici, which recently have been discovered. 
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EXPERIMENTAL METHODS 

The aecial material used for making spore measurements was obtained 
from several species of barberry (Berberis spp.) artificially inoculated 
with teliospores obtained from wheat, quack ^ass, oats, and redtop, 
respectively. The infected plants were collected in the spring of the year 
at University Farm, St. Paul, Minn. Young, tender leaves of separate 
barberry plants were inoculated with the teliospores from each of the 
hosts. Sets of seedlings of wheat, rye, oats, and redtop were inoculated 
with the mature aeciospores. The infection results thus obtained 
verified the identity and purity of each of the biologic forms. The 
aeciospores used for the determination of the spore size of each biologic 
form were grown under identically the same cultural conditions and on 
plants of the same barberry species, namely, Berberis vulgaris L. In the 
study of the effect of the host on the dimensions of aeciospores, the cul¬ 
tural conditions were exactly alike, but the barberry species differed ir 
each case. The aeciospores obtained in this manner were first put aw 
as herbarium material and were not measured until several months after 
maturity. Fifty aeciospores picked out at random from a considerably 
larger population were measured for both length and width. 

Pure strains of urediniospores of each of the biologic forms of P, 
graminis were obtained from specimens of viable uredinial material on 
grains and grasses, collected at University Farm, St. Paul, Minn., and 
cultured continuously in the greenliouse on seedlings of different host 
plants. The measurements in each case were made of healthy uredinio¬ 
spores from the superficial layer of mature uredinia, care being taken to 
measure spores from uredinia in the same stage of development. In 
determining the urediniospore dimensions of the individual biologic 
forms, 200 spores in each population were measured for length and width' 
respectively, whereas in the study of environmental and host effects lot 
spores were measmed in every case. For the latter experiment, howev< 
200 measurements were made of the controls. In the first instance, t’'' 
is, in the study of the comparative morphology of the urediniospores, . 
biologic forms concerned were grown on congenial host plants and unt,' 
uniform and favorable conditions. In the study of relationship of hosw 
to urediniospore dimensions, both susceptible and resistant varieties 
were used, but the environment was maintained uniform and favorable. 
In the study of the effect of cultural conditions on the size of uredinio¬ 
spores, only one biologic form, P. graminis tritici, and one variety of wheat, 
Haynes Bluestem, were used, the environmental conditions, such as 
temperature, light, and soil moisture, being interchangeably altered. 
Control series were conducted simultaneously with the experimental 
series. 

The telial material used in this study was collected at St. Paul, Minn 
and kept in the herbarium for nearly a year before the measurements we; 
made. The rust on the common wheat {Triticum vulgare Vill.) w- 
P. graminis triiici; on the quack grass (^Agropyron repens (L.) Beau’ 
it was P. graminis secalis; on the oat {Avena saliva L.) it was P. gramin^ 
avenae; on the timothy {Phleum pratensc L.) it was P. graminis phleipi i 
tcnsis; and on the redtop {Agrostis alba U.) it was P. graminis agrosi 
One hundred teliospores were measured in each test and the statisti- 
results computed from these. 

All of the spore measurements were made with the same microscop 
carefully calibrated and standardized. The Zeiss screw micrometer wr 
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Sjsed throughout the entire period of the work. The illumination for the 
pihicroscope was derived from artificial light of uniform intensity. The 
f^ffecf^of refraction was eliminated as far as possible by mounting the 
Itaiaterial in drops of water of approximately equal size. It also was 
I attempted to maintain the quantity of water on the slide nearly constant 
1 while the measuring of a given population of spores was in progress. 

, In order to make the measurements of a given group of spores represen- 
i tative and significant, a sufficient number of measurements must neces¬ 
sarily be made. It was found that in the case of aeciospores a minimum 
)f 50 measiu’ements was required. In the case of urediniospores and 
teliospores at least 100 measurements were necessary. Greater numbers 
I, than these did not seem to add materially to the value of the results ob- 
I'tained in tlie present investigation, although perhaps they might have 
^been useful in some cases. The longitudinal measurements of teliospores 
iere made from the exterior of the apex to the point of attachment of 
*' '-''pedicel, whereas the transverse measurements were made across the 
)eptum separating the two cells. 

COMPARATIVE MORPHOLOGY OF HIOLOGIC FORMS OF PUCCINIA 

GRAMINIS 

The following figures show the dimensions of spores of Puccinia 
gTjfiminis and P. phleipratcnsis * as given by several different workers, 
wjio made their studies at different times. 


TablU I. — S{>orc dimensions of P. graminis and P. phleipratcnsis as given by various 

authors 
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’/The aeciospore measurements are for range of variation iu the diameter of these spores. 

^ These dimensions represent the extremes lu range of size of two sets of measurements made by the 
ilitliors. 

gramims pkletpraUnsts {H. Sc H.) Stak. and Piem is cited in this instance as P. phletpratemis Erikss. 
, A Ilenn. because the meusurements quoted were obtained from sources in which this biologic form of 
rust was treated as a separate species. 








Tabi^E 11 ,’—‘Frequency of different sizes of $0 aeciosporcsy ^00 ufediniospores, and loo teliospores in each of certain biologic forms of Puccinia graminis 
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The differences in the dimensions given by the various workers in 
the case of P. graminis could readily be explained on the basis that 
more than one biologic form of this species was involved. However, 
other factors, such as host plant, habitat, personal element, number of 
measurements made, etc., might have played a part in causing the 
variation. From Table I, it will be noticed that the size of the uredinio- 
spores of timothy rust as given by Sydow differed slightly from those 
recorded by Eriksson and Henning and by Saccardo. This difference 
perhaps might be explained as due either to experimental error, va¬ 
riation in the environmental conditions under which the spores were 
developed, or the number of measurements made. It must be borne 
in mind, however, that the differences in the dimensions of any of the 
spores indicated in the table may or may not be really significant. The 
significance of the difference could not be proved on account of the im¬ 
possibility of applying a biometric test to the limited data available. 
In order to determine the value of numerical differences it is necessary 
to calculate the probable error of these differences and then establish the 
relationship between the differences and their probable errors. Rietz 
and Smith (9) and Pearl and Miner ( 6 ) state that a difference may be 
considered as “certainly significant” only when it exceeds its probable 
error by more than three times, since a difference which is less than 
three times its probable error “may reasonably be attributed to random 
sampling” (9), and “that as the ratio, Dev.: P. E., passes 3 the odds 
against the deviation increase rapidly, reaching a magnitude at 8, which, 
practically speaking, is beyond any real power of conception” ( 6 ). 

The biometric constants obtained in this study were calculated accord¬ 
ing to the methods given by Davenport (2) and Babcock and Clausen (i). 

Table II represents a summary of the measurements of all of the biologic 
forms studied, in their different spore stages, when grown under normal 
conditions. This table gives the classes according to width and length 
in microns (each class differing from the next by a single micron), and 
the number of spores falling into each class both for length and width. 

In Tables III and IV, in addition to the variations in the spore meas¬ 
urements, the constants with their probable errors for the different spores 
of the various biologic forms are given. Table III represents spore lengths 
while in Table IV spore widths are given. The classes for width differ by 
one micron (jn) in all cases, whereas the clas.ses for length vary with each 
spore type. In the measurements of aeciospores the classes differ by i n, 
in those of urediniospores by 3 /i, and in those of teliospores by 5 fi. 

The probable errors of the differences in the statistical results obtained 
in this study are given in Tables V, VII, and VIII. The bearing they have 
on the dimensions of the different spore studies is brought out in the 
discussions of each of the spore types. 

In figures i to 6, curves are plotted for spore dimensions in microns. 
These graphs represent the variation in the spore sizes of the biologic 
forms when the rust was grown on highly susceptible hosts and under very 
favorable conditions. In each of these graphs the number of spores 
falling into each class was plotted according to the data contained in 
Tables III and IV. 
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AECIOSPORBS 

No previous record of aeciospore measurements of biologic forms of 
P. fframinis could be found. The data available relate to the species as 
a whole, the assumption evidently having been that there was no differ¬ 
ence in the size of aeciospores of the various biologic forms. Fibres i 
and 2, however, show at a glance the variation existing between different 
biologic forms at this juncture in their life cycle. The variation is greater 
in figure i, in which the curves for spore length are plotted. Here the 
class containing the greatest number of individuals in the P. ffaminis 
triad curve is greater by 4 u than the identical class in the agrostis curve. 





Fig. I.—Differences in lengths of aeciospores of biologic forms of Puccinia ffratninis grown on congenial 
host plants and under uniform cultural conditions. 

greater by 3 m than that in the secalis curve, and greater by only i fi 
than the homologous class in the avenae curve. Figfure 2 presents a 
somewhat different picture. In this graph which represents curves for 
spore width, the greatest difference between any two classes containing 
the largest number of individuals is 3 ju, viz, P. graminis iriiici and P. 
gyaminis agrostis. In P. graminis sccalis and P. graminis agrostis the 
modes fall at exactly the same point, i. e.,at 13 p.. An examination of 

the constants in tbefrst section of Tables III and JV and of the differ- 

ences in the means as presented in Table V will reveal not only the exist¬ 
ence of a difference in the spore dimensions but in most cases also the 
distinct significance of such difference. 
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P. GRAHIKIS TRITia 

The constants, together with their probable errors for the aeciospores 
of this biologic form, as given in the first section of Tables III and IV, 
respectively, show this form to have the largest arithmetical mean for 
both length and width, namely, 19.72io.19X 15.66i0.10 ju- 

P. GRAMINIS SBCALIS 


The aeciospores of this biologic form differ considerably in both dimen¬ 
sions from those of the tritici form, the means being 17.10i0.19 and 

13.46 i o. 11 u, respectively. 
An examination of Table V 
will show that the difference 
in the means of these two 
biologic forms is, without 
doubt, significant for length 
as w'ell as for width. The 
difference in tlie means of 
length divided by the probable 
error of this difference is 9.71, 
while the difference in the 
means of the width is 14.66 
times greater than its probable 
error. The odds against the 
occurrence of such differences 
in random sampling are lx:yond 
comprehension. 

P. GRAMINIS AVIJNAE 

This biologic form differs 
quite markedly from either of 
the above, although to a some¬ 
what lesser extent. The differ¬ 
ences, nevertheless, are very significant, as can readily be seen from 
Table V. The means of the aeciospores of this form are 18.62 ± o. 11X - 
14.70i0.10 /i. 

P. GRAMINIS PHLKIPRATENSIS 



Fig. a.—Differences in widths of aeciospores of bioloKic 
forms of Pucctma grammis grown on congenial host 
plants and under uniform cultural conditions. 


Any attempt to produce aecial infection on different species and 
varieties of barberry with teliospores of this biologic form has invariably 
resulted in failure. A study of the aecial stage of this form therefore 
could not be made. 

P. GRAMINIS AGROSTIS 


As shown in Tables III and IV, this biologic form has aeciospores which 
are smaller in size than those of any of the other biologic forms. The 
means are 16.46io.18X 12.98i0.09 /i. The differences in the means 
between this form and tritici on the one hand, and a venae on the other 
hand, as indicated in Table V, are certainly significant. The difference 
between agrostis and secalis may or may not be due to random sampling, 
for the difference in the means of spore length is only 2.46 times greater 
than its probable error and the difference in width does not exceed 3.43 
times the probable error. The odds against the normal occurrence of 
such differences are approximately 9 to i in the length differences, and 
about 45 to I in the width differences. It would be difficult therefore 
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to consider the differences between the agrostis and secalis forms as 
truly significant, although they might be considered as indicative. A 
greater number of measurements might possibly throw more light on 
this question. 

The following table gives the differences in the means of the aeciospores 
of the four biologic forms discussed in the preceding paragraphs, as well 
as the ratios between these differences and their probable errors. 
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Kig. 3 “-Differences in lengths of urcdiniospores of biologic forms of Piicvtnta 
grammts grown on congenial host plants and under uniform cultural con¬ 
ditions 


TABtE W—Summary of differences in the means of aeciospores of biologic forms of P. 

graminis 


Biologic forms. 

Difference in means (in 
niKTons). 

Difference in 
means divided 
by probable error 
of the difference. 


Length. 

1 

1 Width. 

Length. 

1 

1 Width. 

P. graminis tritici and P. graminis secalis. 
P . graminis triiici and P. giaminis avcnac 
P . graminis triiici and P. graminis agrostis. 
P . graminis secahs and P. graminis avcnac 
P. graminis secalis and P. graminis agrostis 
P. graminis avcnac and P. graminis agrostis 

2. 62 ±0. 27 

1. lOi: . 22 

3. 26± . 26 

I- 52 ± . 22 

• 64± . 26 

2. i6± . 21 

2. 20±0. 15 

. 96± . 14 

2. 68± . 13 

I. 24 ± . 15 1 

■ 4^± ■ 14 j 

1. 72± . 13 j 

9.71 

5. 00 

12.53 

6. 91 

2. 46 

10, 28 

j 

! 

! 14.66 

' 6.86 

1 20.61 

8. 27 
' 3-43 

13-23 


UREDINIOSPORES 

There is considerably more information found in literature on the rela¬ 
tive size of urediniospores of biologic forms of P. graminis than on either 
aeciospore or teliospore dimensions. An interesting phenomenon of spore 
size relationship becomes apparent when the curves plotted in figures 
3 and 4 and the data compiled from previous investigations are examined. 
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It is that the tritid form possesses the longest urediniospores, the agrostis 
form the shortest, and the rest group themselves between these two 
extremes. 

Table VI .—Urediniospore dimensions of biologic forms of P. graminis as given by 


various authors 

Authority. 

P. Qramints 
iftiici. 

JP. graminis 
secalis. 

P. graminis 
avenae. 

P. graminis 
phletprar 
tensis. 

P, graminis 
agrostis. 

Eriksson and Henning (5, p, 124 

and 130) . 

Freeman and Johnson (4, p. 27)^.. 
Stakman { is , P > 2 ?)^ . 

29-43X18-21 
3i-33Xi8. is 
37.85X22. 76 

23-38X15-22 

22-40X16-21 

18-97XXS-19 


Stakman and Jensen (13, p, 2/5)*.. 
Stakman and Levine (14, p. 40)^. 

23-42X15-25 

18-39X13-21 

19-35X16-24 

19-37X14-26 

17-31X15-23 

16-32X12-21 

15-32X12-20 


^ These figures represent averages, size limits not having been given. 
* Decimal fractions have been converted to the nearest integer. 



Af/a/^0/\Ay 

Fig. 4."~Difrerences in widths of urediniospores of biologic forms of Puccinia orammis 
grown on congenial host plants and under uniform cultural conditions. 

It will also be noted by examining the graphs and the measurements 
quoted that P. graminis secalis and P. graminis avenae differ but little 
in spore length, while the spore width of the latter is much the same as 
that of P. graminis tritici. It will be noted further that according to 
the graphs as well as the -quotations, there is a similarity in the width 
of the urediniospores of the secalis and phleipratensis forms, but the two 
diverge noticeably in length. The constants, given in the second section 
of Tables III and IV, and the differences in the means, presented in 
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Table VII, bring out not only the variations of the urediniospore dimen¬ 
sions but also the significance of these variations whenever and wher¬ 
ever they are found, 

P. GRAMINIS TRlTia 

That this biologic form has the longest urediniospores is confirmed by 
the constants, together with their probable errors, given in the second 
section of Tables III and IV. In width, the urediniospores are practically 
the same as those of the oat-rust form. The means for P. graminis 
tritici fall at 32.40±0.19X i9.79±o.o6/i. 

P. GRAMINIS SECAIJS 

The rye-rust urediniospores are both shorter and narrower than those 
of the wheat rust as shown by the means, 27.i4±o.i4X i7.i9±o.o6/i, 
there being a difference of over 5/1 in length and more than 3^1 in width. 
There can be no doubt whatever concerning the significance of this 
difference, as pointed out in Table VII. 

P. GRAMINIS AVENAB 

Although the urediniospores of this biologic form are only a little more 
than I micron {y) longer than those of the secalis form, the difference, 
nevertheless, seems to be quite significant. The means of the uredinio¬ 
spore dimensions of P. graminis avenae are 28.50io.15X i9.94±o.o7ju. 

P. GRAMINIS PHLEIPRATENSIS 

The means of this biologic form are 23.95 io. 12 X i6.88io.o6/x. The 
differences between the means for both width and length of this biologic 
form and those of P. graminis tritici and P. graminis avenae are quite 
significant. The difference in the means, of length only, of the timothy 
rust and the rye rust is also noteworthy. (Table VII). 

P. GRAMINIS AGROSTIS 

The urediniospores of this biologic form are without any doubt smaller 
than those of any of the other forms. This is demonstrated by the curves 
plotted in figures 3 and 4 and confirmed by the constants in Tables III 
and IV, and also by the differences in the means as shown in Table VII. 
The means of the red top-rust urediniospores are 22.37io.12Xi5.68i: 0.05/11. 

The differences in the means of the urediniospores of the biologic forms 
of P. graminis and the ratios between these differences and their probable 
errors are summarized in Table VII. 
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Table VII.— Summary of differences in the means of urediniospores of biologic forms 

of P. graminis 


Biologic forms. 

Difference in means (in 
microns). 

Difference in 
means divided 
by probable error 
of the difference. 


Length. 

Width. 

Length. 

Width. 

P, graminis tritici and P. graminis secalis. 

5. 26±0. 24 

2. 6o±0. 08 

21. 92 

32. 50 

P. graminis tritici and P. graminis avenae. 
P. graminis tritici and P. graminis phki- 

' 3. 9o± . 24 

. iS± .09 

i6. 25 

I. 67 

pratensis .. 

8. 4S± .22 

2. 9I± .08 

38. 38 

36.38 

P. graminis tritici and P. graminis agrostis 

10. 03 ± .22 

4. 11 ± .08 

46. 82 

51-38 

P. graminis secalis and P. graminis avenae. 
P. graminis secalis and P. graminis phlei- 

I. 36 ± .21 

2. 7 S± .09 

6.48 

30 - 56 

pratensis .. 

3. i9± . 18 

.3i± .08 

17. 72 

3-88 

P. graminis secalis and P. graminis agrostis 
P. graminis avenae and P. graminis phleu 

4 - 77 ± • 18 

I. 5i± . 08 

26. 50 

18. 88 

pratensis ..... 

4 - SS± • 19 

3. o6± .09 

23- 93 

34.00 

P. graminis avenae and P. graminis agro^is 
P. graminis phlcipratensis and P. graminis 

6. i3± . 19 

4. 26± . 09 

32.25 

47-34 

agrostis . 

I. 58± . 17 

I. 20± . 08 

9 - 39 

15.00 



Fig. 5. —Differences in leng^ths of teliospores of biologic forms of Puccinia 
gramints growm on congenial host plants and under uniform cultural 
conditions. 


TEWOSPORES 

Published data on teliospore dimensions can be found concerning only 
one biologic form of stem rust and that is timothy rust. The evident rea¬ 
son is because this form had been considered a distinct species. The other 
data available refer to the species P. graminis as a unit. The various 
authors consulted agree on the range in the size of teliospores of timothy 
rust. This is ^ven as 38-52 X 14-16/1. Most authors, however, disagree 
on the size limits of the teliospores of P. graminis, perhaps on account of a 
difference in the biologic forms which had been studied. The curves 
plotted in figures 5 and 6 point to the existence of a difference in size of 
the teliospores of the various biologic forms. In general there seems to be 
a fairly distinct parallellism in the size of the teliospores of the various 
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forms of P. graminis and the size of the urediniospores and aeciospores of 
the same forms. As in the case of the last two spore types, so in the 
teliospores, P. graminis tritici and P. graminis agrostis constitute the 
extremes with respect to spore size. Figures 5 and 6 show very clearly 
that the teliospores of the wheat rust are larger in every way than those of 
any of the other forms. The secalis and avenae forms are practically the 
same in length but differ noticeably in width. On the other hand, the rusts 
of rye and of redtop vary insignificantly in spore width. In length the 
agrostis form approaches that of phleipratensis, but is appreciably differ¬ 
ent from it in width. The constants given in the third section of Tables 
III and IV and the differences in the means presented in Table VIII show 
when these similarities and differences are real and significant and when 
they are only apparent and inconclusive. 



Kig. 6 .—Differences in widths of teliospores of biologic forms of Pucctnia graminis 
KTOwm on congenial host plants and under uniform cultural conditions. 


P. GRAMINIS TRITICI 

There is a difference of at least 5 microns between the mode for length 
of the teliospores of this biologic form and the mode for the longitudinal 
measurement of any other biologic form. A similar difference is found 
in the means for length. The greatest difference in the width of the telio- 
spore between this and any other form is about one micron for either mode 
or means. The means for this biologic form, as given in section 3 of 
Tables III and IV, are 51.80±o.49X 16.67±0.12/1. 

P. GRAMINIS SECALIS 

The difference between this biologic form and the one described above 
can readily be seen by comparing their means, which for the secalis form 
are 47.35 ±0.45x 14.77 ±o.i2/x. The difference in the means of the rye- 
rust and wheat-rust forms is 6.64 times its probable error for length and 
11.23 times greater than its probable error for width. Consequently, 
the difference must be considered as truly significant. 
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P. GRAMimS AV8NAB 

The means for this form were determined as46.15 ±o.43X i5.84±o.i2/i. 
Hie difference in means between this biologic form and P. graminis triiici 
is obviously quite significant; not so in the case of the difference in the 
means of the avenae and the secalis forms, however. Here the difference 
in the means of the length of the biologic forms is only 1.94 times greater 
than its probable error and therefore insignificant, because such a differ¬ 
ence is likely to occur naturally about once in every five random samples. 
There is, however, a significant difference in the means of the width of 
these two forms, it being 6.30 times greater than its probable error. 

P. GRAMINIS PHI.E1PRATENSIS 

A reverse condition prevails in the timothy rust, as seen by examining 
its constants and differences in means. The means of this biologic form 
fall at 41.30 ±0.32 X 15.63 ±0.10 In other words, the teliospores of this 

form are considerably shorter than those of the preceding three forms, 
but of the same or of nearly the same width as the teliospores of the avenae 
form. Table VIII shows that the difference in the means of the width of 
P. graminis phleipraiensis and P. graminis avenae divided by its probable 
error is only 1.31, a very insignificant difference. The chances for an 
occurrence of such a difference are about 38 out of 100. 

Table VIII .—Summary of differences in the means of the sizes of teliospores of biologic 

forms of P. graminis 


Biologic forms. 

Difference in means (in 
microns). 

Difference in 
means divided 
by probable error 
ot the difference. 


Length. 

Width. 

Length. 

Width. 

P. graminis tritici and P. graminis secalis .. 

4.45 ±0.67 

I. 90±0. 17 

6.64 

II. 23 

P. graminis tritici and P. graminis avenae ,. 
P. graminis tritici and P. graminis phlei- 

5 - 6 s± .65 

.83± . 17 

8. 69 

4.88 

pratensis. 

10. 5o± . 59 

I. 04 ± . 16 

17. 80 

6. 50 

P. graminis tritici and P. graminis agrosiis. 

II. 5 o± .63 

2. 03± .17 

18.35 

11-93 

P. graminis secalis and P. graminis avenae. 
P. graminis secalis and P. graminis phlei- 

I. 20± . 62 

I. 07± . 17 

1.94 

6.30 

pratensis . 

6.os± .55 

. 86± . 16 

II. 00 

5-37 

P. graminis secalis and P. graminis agrosiis. 
P. graminis avenae and P. graminis phlei- 

7-05± .60 

.i 3 ± .17 

II. 74 

•77 

pratensis . 

4-8s± .54 

. 2idb . 16 

8. 98 

I-31 

P. graminis avenae and P. graminis agrosiis. . 
P. graminis phleipraiensis and P. gra¬ 

S-8s± .59 

I. 20d= . 17 

9. 92 

7. 06 

minis agrosiis. . 

I. oo± . 51 

. 99 ± . 16 

1 . 96 

6.18 


p. graminis aorostis 

The redtop rust has the smallest teliospores of any of the biologic 
forms, although the difference is not direct or absolute. These spores 
are much shorter than those of either the wheat, rye, or oat rust, but only 
a little shorter than those of the timothy rust. On the other hand, they 
are appreciably narrower than those of the wheat, oat, and timothy 
forms, but much the same in width as the teliospores of the rye rust. 
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This characteristic variation is brought out more clearly by an analysis 
of the differences in the means than by a mere consideration of the con¬ 
stants. The means of this biologic form are 40.30 ± 0.40 X i4.64± 0.12/1. 
The difference in the means between the agrostis and the tritici forms is 
significant for both dimensions. Between agrostis and secalis, however, 
the difference in the means is significant for length only. Again, between 
the agrostis and avenae forms, the difference is significant for both 
length and width. The difference in the length of teliospore means of 
the agrostis and phleipratensis forms has no value as it is only 1.96 times 
greater than its probable error. The difference in the width, however, 
appears to be very significant because it exceeds its probable error by 
6.18 times. 

EFFECT OF ENVIRONMENTAL CONDITIONS ON THE MORPHOLOGY OF 

RUST SPORES 

It has been reported {14) that resistant host plants and other unfavor¬ 
able environmental conditions affecting the normal development and 
vigor of the rust fungus tend to change appreciably the size of its uredinio- 
spores. However, when normal conditions are reestablished, the uredin- 
iospores of the following generation are of the original dimensions. 
This experiment was elaborated and extended to the aeciospores and 
teliospores. Curves for the distributioli of the spores studied were 
plotted into classes; constants were calculated; and differences in the 
means of varying conditions established. Tables IX and X represent 
the spore-size variations for length and width, respectively, as well as 
the constants together with their probable errors, for the several spore 
types as affected by different host plants and varying physical factors. 
The classes in these tables differ in the same order as those in Tables III 
and IV. The curves in figures 7 to 12 repre.sent the distribution into 
their respective classes of the spores of the various biologic forms, grown 
under different conditions. The probable errors of the differences in 
the means of the spore measurements, together with the ratios obtained 
from a division of the differences by their probable errors, and the differ¬ 
ences in the means themselves are all given in Tables XI and XII. 

HOST PLANTS 

Species and varieties which are congenial to a certain biologic form of 
P. graminis can not, under favorable cultural conditions, exert any 
perceptible influence on the spore morphology of that biologic form. 
However, even under identically the same environmental conditions, the 
spores of any biologic form will be reduced in size when cultured on 
resistant varieties. This is substantiated by measurements made of 
spores grown simultaneously on susceptible and resistant hosts. 

SUSCBPTIBI.E HOSTS 

Aeciospores of P. graminis secalis were produced on Berberis vulgaris 
and B. sieboldii Miq., two equally susceptible species. The inoculations 
were made with teliospores of the same origin. The difference in the size 
of the two sets of aeciospores was practically negligible and highly 
insignificant (fig. 7 and 8). The means of the spores on B. vulgaris 
were 17.10± 0.19X 13.46 ± o.ii /t, as compared with i7.44±o.i5X 
I3-3 o±o.o9 h for the means on B. sieboldii. 

39364—23 - 2 
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Table X. Variations and constants for width of spores of biologic forms of Puccinia graminis grown on different host plants and under varying 

environmental conditions 
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Similar results were obtained with urediniospores of P. graminis. 
phleipratensis of identical origin grown simultaneously on timothy, 
Phleum pratense, and orchard grass, Dadylis glomerata L. As can readily 
be seen from experiments 7 and 8 of Tables IX and X, the spores were 
alike in length and width; the means for the urediniospores developed 
on the timothy were 23.95io.12 X i6.88io.o6 p, while the means for the 
urediniospores obtained on the orchard grass were 23.91 ±0.15 X 17.06 
io.o8 fi. Thus the means in both cases differed only slightly. 



M/cr/eoA/,s 


Fig. 7.—Uniformity in length of aeciospores and urediniospores of biologic 
forms of Puccinta fframinis grown on different but equally susceptible 
host plants. 


RESISTANT HOSTS 

As a rule the width of spores is more or less constant under all circum¬ 
stances. However, a reduction in both length and width as a result of 
the effect of resistant hosts was obtained in aeciospores of P. graminis 
agrostis produced on Berberis brevipaniculata Schneid. and in uredinio¬ 
spores of P. fframinis avenae grown on Bromus tectorum. A reduction in 
length only occurred in the teliospores of P. fframinis tritid found on 
emmer, Triticum dicoccum Schr. Figures 9 and 10 illustrate these vari¬ 
ations very distinctly. 
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The aeciospores of the agrostis form on B. vulgaris possessed the 
following means; i6.46±o. 18X 12.98±0.09 n, while the means of these 
aeciospores on B. brevipaniculata were 13.72io.12X 11.86i0.07 fi. The 
difference between the two conditions, as shown in Table XI, is 12.45 times 
greater than the probable error for length and 10.18 times greater than 
that for width, which without any doubt is a very significant difference. 

Bromtis tectorum L. produced a similar effect on the urediniospores of 
P. graminis avenae. The means of this biologic form on Avena saliva 
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Fig. 8 —Uniformity in widths of aeciospores and urediniospores of biologic 
forms of Pucctnia Qrammts grown on different but eciually susceptible 
host plants. 

were 28.50i0.15X 19.94i0.07 ju, while on.B. tectorum they were 23.73i 
0.16X 18.92io.07 n. The difference in the means of the urediniospores 
in the two cases was 21.67 times its probable error for length and 10.20 
times for width; both are differences as significant as can be desired. 

The teliospores on the common wheat were over 5 n longer than those 
on emmer, but practically the same in width. The means for the for¬ 
mer were 51.80i0.49X 16.67io.12 /u, while for the latter they were 
46-15 ±o. 32X 16.57io.12 n. The difference in the means of the length 
only was significant. 
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Table XI shows the differences in the means of spores of biologic 
forms of stem rust grown on susceptible and resistant hosts, also the 
ratios between these differences and their probable errors. 



M/c/eoA/s 


Fig 9.—Differences in lengths of aeciospores, urcdiniospores, and tcliospores of biologic forms 
of Pucctnia gramtms grown on susceptible and on resistant host plants. 

TabIvI^ ^l.—Sixmmjry of differences in the means of spores* of biologic forms of P, 
graminu as affected by various host plants 


Biologic forms. 

Host plants. 

Difference in means 
(in microns). 

Difference in 
means divided 
by probable 
error of the 
difference. 



Length. 

Width. 

Lengtli. 

Width. 

P, graviinis secalis 
(aeciospores) 

Berber is vulgaris and 
Berberis sieboldii 

0. 34±0. 24 

0. i6io. 14 

I. 42 

I. 14 

P. graviinis phleipra- 
tcnsU (tired inio- 

spores) 

P. graminis agrostis 
(aeciosjDores) 

Phleum pratense and 
Dactylis glomsrata 

. 04± . 19 

. i8± . 10 

. 21 

I. 80 

B. vulgaris and B. 
brevipaniculata 

2. 74± . 22 

I. I 2 zfc . II 

12.45 

10. 18 

P, graminis avenae 
(urediniospores) 

A vena saliva and 
Bromus teciorum 

4* 77i • 22 

I. 02 ± . 10 

21. 67 

10. 20 

P, qraminis iriiici 
(teiiospores) 

Triticum vulgare and 
T. dicoccum 

S-6S± -59 

. io± . 17 

9*75 

•59 
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PHYSICAL FACTORS 

Unfavorable cultural conditions affect the virulence and spore size of 
the rust fungus to an appreciable extent, especially the quantity of rust 
produced and the length of the spores. The inherent nature of infection 
and the width of the spores are rarely and only slightly changed, if at all. 
For obvious reasons the effect of environment on the uredinial stage 



Fig. lo.—Differenccs in widths of acciosporcs, uredhiiospores, and tcliospores of biologic forms of Ptuemta 
gratnmts grown on susceptible uud resistant host plants. 

alone was studied. Excessive heat more effectively and more con¬ 
clusively caused the urediniospores of the wheat rust to become shorter 
than did very low temperatme. Deficiency in sunlight and in soil 
moisture appeared to be equally influential in diminishing the size of the 
urediniospores. In all of these cases as well as in the control experiment 
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an extremely susceptible variety of wheat, Haynes Bluestem (Minne¬ 
sota No. 169), was used as the host plant. Figures ii and 12 contain 
curves showing the variations produced by the various conditions. 

EXCESSIVS HEAT 

The means of the spores in the control experiment were 32.40 ± 0.19 
X 19.79 ± 0.06 u- The means of the urediniospores cultured in high 
temperature (average for the generation being 81.8° F. with a maximum 
daily mean of 92.3° and minimum of 76.4°) were 29.25 ± 0.20 X 19.71 
± o.io U‘ An examination of Table XII shows that the difference in 
the means of the spore length in the control and temperature experi¬ 
ments was 11.25 times greater than its probable error, whereas the 
difference in the means of the width was exceeded by its probable error 

by 1.5 times; a significant 
difference for length, but none 
whatever for width. 


DEPICIENT LIGHT 

In this experiment the 
urediniospores were cultured 
in a light intensity of a total 
average of 3.1 per cent with 
a maximum daily limit of 10 
per cent and a minimum of 
2 per cent. The light in¬ 
tensity readings were made 
three times a day with the aid 
of a Clements photometer. 
The means of the uredinio¬ 
spores in this test were 28.92 

Fig. XI. —Differences in lengths of urediniospores of Pucrinia + o .2 1 X IQ.So + 0.08 U which 
^ammtr/ft/tct cultured under favorable and adverse envi- 

ronmentai conditions. wcrc practically identical With 

those which prevailed in the 
case of excessive heat. Here, too, the difference was significant with re¬ 
spect to spore length only. The difference in the means of the width be¬ 
tween the control and shade was exactly the same as its probable error. 

DROUGHT 

The rusted plants in this test received a total amount of 100 cc. of 
water from the time they were removed from the incubation chamber 
until the time when the spore measurements were made, 14 days later. 
The water content of the soil at this time was determined on the basis 
of the “oven-dried” method and measured 5.38 per cent. The means 
of the urediniospores subjected to this condition were 30.51± 0.23 X 
19-3 * i 0.07 fi. Comparing these means with those of the control spores, 
we find a difference in both length and width which appears to be 
significant. 

A summary of the differences and their relations to the probable 
errors of the differences is given in Table XII. 
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Tabi^E XIL —Summary of differences in the means of urediniospores of P. graminis tritici 
subjected to various environmental conditions 


Environmental conditions favorable except for— 

Dififercnce in means (in 
microns). 

Difference in 
means divided bv 
probable error of 
the difference. 

Excessive heat (average 81.8° F.). 

Length. 

3. iS±o. 28 
3. 48± . 28 
I. 89± .30 

Wxdth. 

0. 08±0. 12 
. IO± . 10 
.48± .09 

Length. 

11. 25 

12. 42 
6. 30 

Width. 

0. 67 
I. 00 

5- 34 

Deficient light (average 3.1 per cent).... 
Drought (water content 5.38 per cent) ... 


GENERAL DISCUSSION 

No definite statistical information concerning the dimensions of the 
different types of spores of the biologic forms of stem rust existed 
prior to this study. 

Measurements of aecio- 
spores, urediniospores, 
and teliospores, devel¬ 
oped under different 
sets of conditions and 
on different host plants, 
were made with the aim 
of supplying such infor¬ 
mation. Biometric 
methods were employed 
with a view of ascer¬ 
taining the significance 
of the variations dis¬ 
covered. These meth¬ 
ods were used merely as 
a means to ascertain 
more about the nature 
and behavior and the 
identity of the different 
biologic forms. That 
results thus obtained a^e more reliable than a mere mass of individual 
measurements is now generally conceded. 

The statistical data presented in this paper, in addition to corroborating 
the empirical results obtained by previous workers concerning the 
differences in the size of urediniospores, also indicate very strongly the 
existence of similar differences in the aeciospores and teliospores of the 
biologic forms of Puccinia graminis. The differences in magnitude of 
the various types of spores seem to be quite marked, although they do 
not occur in any definite order or logical sequence. Sometimes a signifi¬ 
cant difference appears in both length and width of spores; on other 
occasions the difference can be detected in the spore length only, the 
width being almost identically the same, and vice versa. 

A numerical difference alone may or may not be significant in itself. 
A variation of i micron in the means of two measurements, for instance, 
may in one case be ascribed to experimental error and on another occasion 
constitute a fundamental difference. The difference in the means of 
teliospores of P. graminis phleipraiensis and P. graminis agrostis is a 
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case which can well illustrate this point. The two biologic forms differ by 
exactly 1.00 ±0.51 n in the means of length and by 0.99 ±0.16 n in the 
means of width. The difference in length was probably due to random 
sampling, as it was only 1.96 times greater than its probable error, 
whereas the difference in width appeared to be rather significant, because 
it exceeded its probable error by 6.18 times. 

Two numerical differences of unequal magnitude, on the other hand, 
may sometimes be of identical or nearly identical significance. Thus, 
for instance, the urediniospores of P. graminis tritici exceed those of P. 
graminis phleipraiensis by 8.45 ±0.22 n in the means of length, but the 
difference in the means of width is only 2.91^:0.08 fi. The difference in 
the means of length divided by its probable error is 38.38, and that of 
the width is 36.38. In general, the greater the numerical difference the 
greater its significance, although in certain cases the situation may be 
reversed. An excellent illustration of this phenomenon is furnished by 
the difference in the means of urediniospores of P. graminis tritici and P. 



Fio. 13 .—Comparisons between the means of lengths and widths of aeciospores, urediniospores, and telio- 
spores, respectively, of biologic forms of Pucemta gramtnts. 


graminis sccalis. The means of the wheat-rust spores were 5.27^0.24 fi 
longer and 2.60±0.08 /i wider than those of the urediniospores of the 
rye rust. But the difference in the means of length exceeded its prob¬ 
able error 21.92 times as compared with 32.50 times for the excess in the 
case of the difference in width. Thus the important factor in determin¬ 
ing the value and significance of differences is not so much the numerical 
deviation as the probable error of these differences. 

The comparative differences in spore dimensions of the various biologic 
forms are illustrated by photomicrographs and schematic drawings in 
Plates I and II. Figure 13 represents diagrammatically the apparent 
correlation between the means of the different forms, while figure 14 
shows the rather consistent parallelism in the means of the various spore 
types. 

Although the size of spores is specific for each biologic form, the spores 
are not rigidly fixed either in size or in shape. Resistant host plants 
and other adverse environmental conditions, affecting the normal devel¬ 
opment and vigor of the rust fungus, also affect the size and shape of the 
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spores. Plate II, F, G, shows the response of the aecial infection of the 
redtop rust to two species of Berberis, one susceptible, B. vulgaris (F), 
and one resistant, B. brevipaniculata (G). The effect of these hosts on 
the size of the aeciospores is graphically illustrated in figures 9 and 10. 
Urediniospores and teliospores were also affected in a similar manner. 
This effect, however, is not permanent; it lasts only as long as the 
unfavorable circumstances prevail. This is especially true in the case 
of urediniospores. As soon as the rust is transferred to a congenial 
host plant and favorable cultural conditions are reestablished it again 
develops normally and the spores attain their normal dimensions. 

The ill effect of excessive heat, insufficient light, and deficient soil 
moisture was quite definitely proved for urediniospores. This would 
lead to the assumption that aeciospores and teliospores are probably 
likewise affected by unfavorable cultural conditions. 

Host plants belonging to different species and varieties are not in 
themselves sufficient to cause a change in the normal development of the 
rust fungus or in the size and shape of the spores unless they vary mark- 



Fig. 14.—Parallelism between the means for lenjiths anti wulths of the diflerent spores of biuloRic forms 

of Pucitma graminn, 

edly in the degree of susceptibility to a biologic form. Plate II, D, E, 
shows an equal amount of aecial infection of P. graminis secalis on B. 
vulgaris and B. sieboldii. The uniformity in spore size of both cases is 
illustrated by graphs in figures 7 and 8. 

Besides differences in spore size, deviations in the shape of the spores 
of the various biologic forms were also observed. These were described 
by Stakman and Levine {14, p. 48) as especially pronounced in the ure¬ 
diniospores. Somewhat less pronounced differences in shape were found 
by the \vriter in the aeciospores and teliospores. particularly the latter. 
Unfortunately the necessary statistical data were not a\ailable for cal¬ 
culating the ratios of length to width in the different types of spores, 
and hence constants could not be computed, nor could differences in 
mean of diameter be established. This is all the more regret table because 
of the full realization of the importance of expressing quantitatively the 
differences occurring not only in tlie size but also in the shape of spores. 
A comprehensive method for this purpose has been described by Rosen¬ 
baum (10, p. 250). 
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SUMMARY 

(1) In studying the nature and behavior of biologic forms careful 
uniform technic and pure rust strains have been used in order to 
reduce to a minimum the possibility of experimental error, 

(2) Spore measurements can be employed as an additional aid in 
identifying the biologic forms of P. graminis, provided a sufficiently 
large number of spores are measured for both length and width, and the 
spores studied are developed on congenial hosts and under favorable 
conditions. The different measurements should be grouped in classes 
for length and width, respectively. 

(3) On account of the variability in size of the different kinds of spores 
of each biologic form, a more ready comparison can be made by the use 
of biometric constants than by a mere mass of individual measurements. 
By the use of these constants the identity and relationship as well as the 
nature and behavior of a given biologic form may be further confirmed. 
Such biometric constants have been calculated and are incorporated in 
the respective tables. 

(4) Numerical differences in spore dimensions may or may not be 
significant in themselves. The important factor in determining the value 
of numerical differences consists in the probable error of the differences 
and in the relation of these differences to their probable errors. 

(5) The biologic forms of stem rust differ markedly and significantly 
in their various kinds of spores when produced under uniform conditions. 
An interesting parallelism is found to exist between the means of the 
spore dimensions of the different biologic forms. 

(6) In general, the wheat rust, P. graminis tritici, has larger spores of 
each type than any other biologic form. The oat rust, P. graminis 
avenae, occupies the second place; the rye rust, P. graminis secalis, the 
third; and the timothy rust, P. graminis phleipratensis, the fourth. The 
redtop rust, P. graminis agrostis, has the smallest spores of all. 

(7) The differences in spore sizes do not occur in any consistent direc¬ 
tion, nor do they follow a logical sequence. In some cases the spores of 
two biologic forms may vary in both length and width, in other cases 
the differences may be in one dimension only. 

(8) Congenial hosts do not in any way change the morphology of stem- 
rust spores. A single host plant, common to several biologic forms, 
lacks the ability to unify them either in size or shape. Nor can several 
host plants, which are equally susceptible to a single biologic form, exert 
any influence on the spore morphology of this form. 

(9) Resistant host plants and adverse environmental conditions inva¬ 
riably tend to decrease the size of any type of spores of any biologic form. 
The reduction in size occurs most frequently in spore length only, but 
sometimes both length and width are affected. As soon as the uiffavor- 
able conditions of host and environment are removed, the spores in ques¬ 
tion will attain their normal dimensions in a single generation. 

(10) It is of interest as well as of importance to establish the quan¬ 
titative measure of the spore shape of the different biologic forms. For 
this purpose the ratio of length to width should be determined and grouped 
into classes, the constants calculated and the significance of the differ¬ 
ences ascertained. 
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PLATE I 


Median longitudinal diagrammatic figures showing comparative differences in the 

mer.ns of aeciospores, urediniospores, and teliospores oi biologic forms of Puccinia 

graminis. 

A, B, and C.—Diagrams of acciospore, urediniospore, and teliospore of P. graminis 
tritici, 

D, E, and F.—Similar diagrams of P. graminis secalis. 

G, H, and I.—Similar diagrams of P, graminis avenae. 

J and K.—Similar diagrams of urediniospore and teliospore of P. graminis 
phleipratensis. 

L, M, and N.—Diagrams of aeciospore, urediniospore, and teliospore of P. graminis 
agrosiis, 

(S68) 
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Plate 2 










PLATE a 

Photomicrographs of uniform magnification showing the relative size and ^ape of the 
urediniospores of three biologic forms of Puccinia graminis: 

A. — P. graminis iritici. 

B. —P. graminis phUipraiensis. 

C. —P. graminis agrostis. 

Photographs illustrating the effect of susceptible and resistant barberry species on the 
aecial development of biologic forms of stem nist: 

D and E.—Showing similar and normal development of cluster cups of P. gram^ 
inis secalis on two equally susceptible species, Berberis vulgaris and B, sieboldii, 
reject! vely, 

F and G.—Showing the difference in the aecial development of a single biologic 
form, P, graminis agrostis, when grown on susceptible and resistant barberry species, 
viz, B. vulgaris and B. brevipaniculata, respectively. 




RELATION OF CERTAIN SOIL FACTORS TO THE IN¬ 
FECTION OF OATS BY LOOSE SMUT* 

By Lucills K. BarthoiomBw, formerly Assistant Pathologist, and Edith Ssymour 
JONBS, formerly Scientific Assistant, Office of Cereal Investigations, Bureau of 
Plant Industry, U. S. Department of Agriculture * 

INTRODUCTION 

In order to interpret properly the results obtained by experimenting 
with a disease, it is desirable to understand the effect of similar con¬ 
ditions upon the host and fungus apart from each other as well as in 
combination. Accordingly, an attempt has been made in the present 
paper to analyze the effects of certain soil factors, first upon the fungus, 
UstHago avenae (Pers.) Jens., and upon the host, Avena nuda L., and 
then upon the two in combination. 

The literature relative to the problem in hand has been adequately 
reviewed in a related publication * by the junior author of this paper 
(in this issue of the Journal of Agricultural Research), so no further 
detailed consideration of that feature will be attempted in this paper. 

CONDITIONS OF THE EXPERIMENTATION 

There are certain environmental factors which must be ^ven thorough 
consideration in any well-balanced series of pathological investigations. 
Their relative importance may vary with the host and the fungus under 
consideration, but their standardization and control, in so far as these 
are possible, are imperative. Probably the four most important of 
these factors involved in the present investigations are tmperature, 
moisture, composition of the medium, and its acidic or basic reaction. 

The temperatures were regulated very satisfactorily by the use of 
temperature tanks.^ The soil moistures were computed and maintained 
in terms of the saturation point of the soil, which was determined by the 
commonly accepted standard methods, llie soil was sifted through wire 
gauze into standard i-centimeter cups, which were leveled off by means 
of a spatula without tamping, and then were set into a dish of water of 
known temperature and allowed to stand until the soil was thoroughly 
saturated. The cups then were removed, drained until no more water 
dripped from the under surface, and weighed. The soil was dried at a 
temperature of loo to i io° C. until it reached a constant weight. From 
these data the water-holding capacity of the soil was calculated. The 
standardization of soil water on the basis of dry weight, e. g., lo gm. of 
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water to 100 gm. of dry soil, was discarded after trial because of the 
variation in soil-moisture conditions when soils of different water-holding 
capacities were used. The chief danger of the soil-saturation method lies^ 
in the unequal compacting of the soil but this error may be minimized' 
by using a uniform method for handling all soil samples. 

The soil moistures were held constant by the use of galvanized con¬ 
tainers, insulated soil surfaces, and daily weighings for the determination 
of any moisture lost through evaporation. The soil reaction was deter¬ 
mined by the Truog* method and was found in all cases to be “medium 
acid.” The soil composition offered the greatest difSculties in the matter 
of uniformity, but these were overcome by securing soil from approxi¬ 
mately the same locality for all the series of experiments. It was a sandy 
loam with a water-holding capacity of 28 to 30 per cent for the first year’s 
experiments and 39 to 41 per cent for those of the second year. Pure- 
line seed of the previous season was used, and sowings were made at a 
depth of I inch. The soil was thoroughly sifted, poured into the can, 
and tamped by dropping the can from a given height a uniform number 
of times, thus obtaining a fairly constant state of compactness. 

INFLUENCE OF TEMPERATURE ON GROWTH OF FUNGUS AND HOST 

The fungus, UstUago avenae (Pers.) Jens., was obtained from smutted 
heads of Avena nuda L. grown at Columbia, Mo., in the summer of 1918. 
This material was used for all of the inoculations during the winter and 
spring of 1918-19. Smutted heads obtained from our own plats of 
A. nuda L. in the summer of 1919 furnished the inoculum for the follow¬ 
ing year. Pure-line seed of A. nuda L., the hulless or naked oat, was 
chosen as the standard for experimentation because this species shows a 
high degree of susceptibility to loose smut. Uniform moistures were 
maintained throughout the infection period and for one week afterwards, 
following which the containers were removed from the tanks. The 
plants taken from the tanks during the colder months were allowed to 
mature in the containers in which they were growing, but those in the 
series removed from the tanks in the spring months were transplanted 
at once to open plats and allowed to mature out of doors. 

The study of the fungus in culture has been limited, but the results 
are clear cut. Potato-dextrose agar, with a reaction of -t-10 on the Fuller 
scale, was used. Agar sticks were melted, cooled, and heavily inocu¬ 
lated with sporidia from pure cultures of the fungus. These were poured 
into plates and allowed to incubate until many colonies appeared. 
Series of plates of the same medium then were inoculated by selecting 
uniform colonies and transplanting them. The single-spore method of 
culturing the organism was foimd impracticable because of the minute 
size of the spores, their tendency to cling together, and their poor germi¬ 
nation, even vdien incubated under optimum conditions, ^e results 
obtained are shown in Table I. 

When the cultures were removed from the Altmann incubators at the 
end of six da3rs and allowed to remain at room temperature, growth 
occurred in all except those which had been exposed to 36° C. Growth, 
however, was very slight in cultures taken from 32*, showing that only 
a small percentage of the sporidia were able to smvive exposure to this 
tempCTature.^ This was not due to desiccation of the me^um, because 
sufficiently high humidity was maintained to prevent undesirable evapo- 

Tkttoo.E. AtiswiB 8 lfoKSQii,AaDnnr. Wfa. Agr. Exp. Sta. Bui. 349, i6p.,3fic.,zcol.cbwt. 1913. 
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ration. ]Low temperatures appeared to inhibit growth without^causing 
any permanent injury to the fungus. Cultures were kept at the low 
temperatures in some cases for a period of four weeks or more, but no 
growth occurred. When these same cultures were transferred to warmer 
temperatures, growth soon was evident. 

Tabi.B I .—Effect of temperature on growth of Ustilago avenae in culture 


Average temperature. 

Amount ol growth. 

C. 

8°. 

14“. 

16°. 

20°. 

. 

28°. 

32°. 

36°. 

None. 

Very slight. 

Slight. 

Fair. 

Good. 

Fair. 

Slight. 

Very slight (if any). 

None. 


EFFECT OF TEMPERATURE ON GERMINATION OF SPORES AND PRODUCTION 

OF SPORIDIA 

The spores of Ustilago avenae placed in Van Tieghem cells in beef broth 
with a reaction of +10, Fuller’s scale, germinated between 5° and 34° 
C., the minimum being between 4° and 5°, the optimum between 15° 
and 28°, and the maximum between 31" and 34° C. For sporidial pro¬ 
duction under the same conditions of culture as for spore germination 
the minimum and optimum are the same as for spore germination, but 
the maximum, 30®, is lower. 

THE EFFECT OF TEMPERATURE ON GERMINATION OF THE HOST, AVENA 

NUDA h- 

It is difficult to estimate the growth of the host as it is not easy to 
define a standard for growth. The plants in culture, i to 2 months old, 
appeared to be most vigorous where germination and growth of the 
seedlings had occurred at temperatures of 16° to 24° C. They elongated 
more rapidly at the higher temperatures but presented an etiolated 
appearance as compared with the healthy, stalky growth at the lower 
temperatures. The record is given in Table II. 


TABUt II .—Effect of temperature on germination of Avena nuda L. 


Average temperature. 

Observations on srrowth. 

C. 

3°. 

Germination but no subsequent growth. 

Germination but no subsequent growth. 

Germination with slight growih. 

Germination with slow growth. 

Secondary roots produced, plumule 1.3 cm. long. 
Optimum growth, plumule 3 cm. long. 

Good growth, plumule 2 cm. long. 

Less vigorous, plumule i cm. long. 

s». 


.:. 

15°. 


. . . 

. 

27 - 21 °. 

/ 00 .. 
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Table II gives a fair idea of the effect of the range of temperature, 
3® to 33° C., upon germination and seedling growth. The optimum lies 
at an average temperature of 19° C. 

If we compare the host and fungus in their temperature relations in 
the light of the above data, we find a rather close correlation. The 
fungus shows a tolerance for somewhat lower temperatures, especially 
as to germination and initial production of sporidia (essential to infec¬ 
tion), while the host shows a tolerance for higher temperatures. How¬ 
ever, their optima for germination and growth are practically identical. 

INFLUENCE OF SOIL TEMPERATURE AND SOIL MOISTURE ON 

INFECTION 

In order to visualize quickly this phase of the problem, it may be well 
to review briefly the salient points in the life history of the fungus. 
The spores of Ustilago avenae, the loose smut of oats, are for the most 
part seed-bome. When the oat seed is sown the spores germinate, 
producing masses of sporidia which continue to bud and multiply much 
like yeast. As the oat kernel germinates, the sporidia send out germ 
tubes and infect the young seedling through the coleoptile. By the 
end of 10 days or 2 weeks the mycelium penetrates through the coleoptile 
and subsequently establishes itself in the meristematic tissue of the 
growing point. According to various investigators, infection is limited 
to the first few days following germination of the oat kernel and none 
occurs after the growing point emerges from the coleoptile. 

As the plant develops, the fungus is carried upward in the growing 
point of the prima^ shoot, or of the lateral shoots. Previous to the 
time of heading, it is impossible to see any difference between smut-free 
and infected plants, except for a slight lagging in vegetative growth, 
which is not a safe diagnostic feature. At heading time, however, the 
fungus appears to gain &e ascendency and the mycelium spreads rapidly 
through the young ovaries, in which are produced the masses of black 
spores. At times the fungus appears in linear pustules on the leaves, 
resembling leaf smut of various grasses, and very often the glumes are 
striated with the black spore masses. The histological features of the 
fungus have been adequately described by Lutman.* 

Obviously the problem in hand is concerned with soil infestation and 
the physical and chemical conditions of the soil at the time of infection 
of the oat seedling. Subsequent atmospheric conditions may influence 
the vegetative growth of the host and thus determine the ability of the 
fungus to maintain its position in a rapidly dividing meristematic tissue. 
It is interesting to note in this connection, however, that the most 
vigorously growing plants appear to be the most heavily smutted. Just 
why two heads on one plant may be entirely smutted and three other 
heads on the same plant remain free from smut, or conversely, offers an 
interesting problem of disease escape. Furthermore, it is not uncommon 
to see a single spikelet of a single head smutted and all the rest of the head 
smut-free. 

As indicated by the three preceding paragraphs, soil temperature and 
Soil moisture may have a marked influence on infection. Consequently, 
numerous series of experiments were performed in order to determine 
the influence of these two factors upon infection of the host by the fungus. 
The data secured are presented in Tahiles III and IV. 


* LTTTMAN, B. P. 80 MB CONTRIBUTIONS TO TBB X4fR HISTORY AND CYTOLOGY 09 THR SMUTS. In TrsnS. 
Wis. Acad. Sci.* v. x6, p. XX91-XS44, pi. 8S-95. xpxo. Literature dted, p. laas-xaaS. 
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A uniform soil moisture of 36 per cent (equivalent to 10 grams of 
water to 100 grams of dry soil with a soil saturation point of 27.8 per 
cent) was maintained throughout the experiments from which the data 
in Table III were obtained. 


TablS III .—Effect of different soil temperatures on infection of Avena nuda by Ustilago 
avenue, when soil moisture was maintained at 36 per cent 


Average temperature. 

Dry seed. 

Soaked seed. 

Clean 

plants. 

Smutted 

plants. 

Clean 

plants. 

Smutted 

plants. 

C. 

Per uni. 

Per cent. 

Per cent. 

Per cent. 

8®. 

33 

67 

20 

80 

12®. 

50 

50 

10 

90 

15®. 

0 

100 

0 

100 

18®. 

0 

100 

0 

100 

21®. 

0 

100 

0 

100 

* 3 °. 

0 

100 

25 

75 

26®. 

33 

67 

8 

92 

29®. 

i 

75 

89 

II 


A soil moisture of 67 per cent (equivalent to 19 grams of water to 100 
grams of dry soil) with a soil saturation point of 27.8 per cent was main¬ 
tained throughout the experiment, the results of which are shown in 
Table IV. 

A comparison of Tables III and IV shows soil temperature to be 
a limiting factor in infection. The extent of its importance, however, 
varies with the amount of water present in soil or seed. 


Table IV. —Effect of different soil temperatures on infection of Avena nuda by Usti¬ 
lago avenae when soil moisture was maintained at 67 per cent 



Dry seed. 

Soaked seed. 

Average temperature. 

Smut'lree 

plants. 

j Smutted 

1 plants. 

1 

1 

Smut-free 

plants. 

Smutted 

plants. 

C. 

Percent, 

Per cent. 

Per cent. 

Per cent. 

9 ® . 

100 

0 

91 

9 

12®. 

47 

53 

63 

37 

16®. 

13 

87 

72 

28 

21®. 

17 

83 

71 

29 

26®. 

39 

61 

67 

33 

29°. 

94 

6 

100 

0 


The results given in Table V are based upon the totals secured from a 
large number of series of experiments and are based on a total of 1,489 
plants. The soil moistures are indicated in the table, and the soil-satura¬ 
tion point varies from 39 to 41 per cent. Air-dry seeds were used through¬ 
out. 

The totals under 80 per cent soil moisture are not based on results 
obtained from as large a number of plants as in either of the other mois¬ 
ture tests. The high soil moisture was unfavorable for the germination 
of the grain and many series were reduced or failed utterly as a result, 
but the percentages given were based on a sufficiently large number to 
justify inclusion in the results. 
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Table V .—Effect of soil temperature and soil moisture on infection of Avena nuda by 

Ustilago avenae 


Soil 

moisture. 

Average 

smutted 

plants. 

Soil 

moisture. 

Average 

smutt^ 

plants. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 


96.5 

60 

74.0 


96.5 

60 

58.5 

30-35 

98. 0 



30-35 


60 

93*0 

30-35 


60 

0 


Average temperature. 


10^-14^ . 

I4 °*-i6 ®. 

. 

i8°-22®. 

. 


Soil 

moisture. 


Per cetU, 
80 
80 


Average 

smutted 

plants. 


Per cent* 
56.0 
I. o 


(Series failed) 
80 I o 


When Table V is compared with Tables III and IV, it will be noted 
that a less pronounced temperature relationship is evidenced, especially 
at the lower moisture contents. At a temperature of 31° to 32° C. there 

is a decided falling off in infec¬ 
tion at all soil moistures. These 
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Fig. i.-~Tnfluence of soil temperature upon the infec- 
[ tion of Avena nuda by Ustilago avenae when soil 
{ moisture is disregarded. 


safe in predicting that high soil 
temperatures tend to limit infec¬ 
tion regardless of soil moistures. 
When we consider that 32® C. 
is the maximum temperature 
for germination and growth of 
the fungus, we would expect to 
find this decrease in infection, 
especially when we consider the 
rapidity of germination and elongation of the young seedlings at this 
temperature. 

It will be noted that a temperature of 18° to 22° C. furnishes the 
optimum for infection in all soil moistures. This coincides directly with 
the optimum for germination and 

growth of both host and fungus. ^ ^ 

The high percentage of infection - - • - - 

at 10° to 14° C. might correlate with 
the longer time the seed remains in 
the ground, especially in the case of 
the lower soil moistures. It may 
require as long as three weeks under 
these conditions for the seedling to 
appear above ground. In this con¬ 
nection, experiments on the relation 
of soil moisture to the germination 
of the spores show that the spores 
germinate as readily in a soil moisture 
of 35 per cent as in a soil moisture 
of 65 per cent. If this is correlated 
with the temperature data already 
cited, it will be seen that there is no 
re^on why the fungus might not become fairly well established in the 
soil while the seed remains dormant, or very slowly germinating. 

Such a curve as is shown in figure 1 may help to interpret the com¬ 
mon observation that the early sowing of oats in the spring tends to 
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Fig. 2.'-The influence of soil moisture upon infec¬ 
tion when soil temperature is disregarded. 
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reduce the amount of infection by loose smut. On the other hand, 
fall sowing, while the soil temperature is high, would tend also to cut 
down infection. Such a curve corresponds more nearly to the actual 
conditions obtaining in nature than a curve derived from series wherein 
the various factors are considered separately. 

The graph in Figure 2 again serves to interpret what is found under 
field conditions. Conditions of high moisture combined with low tem¬ 
peratures in the spring undoubtedly would tend materially to reduce 
infection. This conclusion was borne out by some field experiments. 
Plats containing 28,000 heavily inoculated seeds of Avena nuda were 
prepared in April and May of 1919. The spring was very wet and cold. 
The average soil temperature was ii.i° C. with a range from 2“ to 
24° C. during the germination period. The soil moisture averaged 
from 45 to 50 per cent of the soil saturation point, and ranged as high 
as 70 per cent at times. The plants matured normally but contained 
less than one-tenth of i per cent of smutted plants. Seed from the 
same lot treated with the same inoculum, but grown under controlled 
conditions favorable to maximum infection, produced 100 per cent of 
smutted plants. 

SUMMARY 

(1) The temperature range for growth of Ustilago avenae when cultured 
on potato-dextrose agar with a -f 10 reaction is, minimum 8° C.; 
optimum 20° C.; maximum 32® C. 

(2) The temperature range for germination of the spores in beef 
broth with a +10 reaction is, minimum 5° C.; optimum 15° to 28° C.; 
maximum 31° to 34° C. 

(3) The temperature range for sporidial production under tlie same 
conditions as for spore germination is, minimum 5° C.; optimum 15° to 
28° C.; maximum 30° C. 

(4) The temperature range for germination of the seeds of Avena 
nuda is, minimum 3° C. with no measurable subsequent growth; optimum 
18° to 20° C.; maximum 33° C. plus, not definitely established. 

(5) The temperature at which the seed is germinated and the seed¬ 
lings maintained for two weeks appears to influence the subsequent 
vigor of the plants. The most vigorous plants were secured from seed¬ 
lings which had been kept at 16° to 24° C. 

(6) High soil temperatures were accompanied by a marked reduction 
in the percentage of infection under the conditions of our experiments. 

(7) Low soi’ temperatures also were accompanied by a reduction in 
the percentages of infection, but to a much less marked degree than in 
the case of high temperatures. 

(8) High soil moistures, combined with high soil temperatures, result 
in complete elimination of the fungus. 

(9) Low soil moistures, within a certain temperature range, are 
accompanied by relatively high percentages of smut infection. 





INFLUENCE OF TEMPERATURE, MOISTURE, AND OXY¬ 
GEN ON SPORE GERMINATION OF USTILAGO AVENAE ‘ 

By Edith Ssymour JonSS, Formerly Scientific Assistant, Office of Cereal Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The relation of climatic factors to the development of the smuts has 
been a matter of speculation during rather more than two decades. An 
exact determination of the influence of these factors has recently been 
undertaken by Dr. Lucille K. Bartholomew and the writer (2),* in order 
to provide experimental conditions for the determination of the smut 
resistance of certain pure lines of species of Avena. It has been pointed 
out in that paper that in order to decide whether any given variety be 
completely resistant, its performance under conditions resulting in 100 
per cent of smut infection in susceptible plants must be ascertained. In 
determining those factors most favorable to the development of the smut 
organism, it becomes manifest that these same factors are numerous and 
closely interwoven, affecting both the host and the fungus. Their effect 
on both the host and the fungus must be distinguished if a complete 
analysis of their relation to ^e development of the disease is to be 
achieved. 

While Doctor Bartholomew and the writer were determining the effect 
of temperature and moisture {2) upon infection by Ustilago avenae (Pers.) 
Jens. (5), the writer began to study the influence of temperature upon the 
germination of the spores of this fungus. When the results of the 
infection studies began to indicate that soil moisture is a factor controlling 
infection, the effect of this factor upon the germination of the spores was 
studied, and later the necessity of studying the relation of oxygen to 
spore germination became evident. This paper presents the experimental 
evidence which has been obtained concerning the influence of these three 
factors upon the germination of the spores of Ustilago avenae. Most of 
these experiments were performed under the guidance and with the help 
of Doctor Bartholomew, who had carefully formulated the whole problem 
in its broader aspects. 

By way of further introduction to the review of literature and the 
experiments, it may be well to state briefly the life history of the fungus 
in its relation to the infection of the 1 ost plant. The spores of Ustilago 
avenae overwinter mainly on the seed. The spores germinate simul¬ 
taneously with the oat seed. They rarely form germ tubes but commonly 
produce promycelia which, in turn, form either sporidia or thin hyphae. 
These sporidia, hyphae, or germ tubes infect the host through the 
coleoptile before it is pierced by the first leaf and the fungus establishes 
itself in the meristematic tissue of the growing point of the main axis 
and the tillers. Here the mycelium keeps pace with the development 
of the host, without apparent injury to it, until, at blossoming time, it 

^ Accepted for publication Aug. ax, 1933. Thir paper presents the results of investigations conducted 
cooperatively by the Office of Cereal Investigations, Bureau of Plant Industry, and the Dep4rtmcnt of 
Plant Pathology of the Wisconsin Agricultural Experiment Station. 

* Reference is by number (italic) to Literature cited,** p. 570-591. 
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produces its chlamydospores in the young ovaries. Many of these spores, 
when scattered, come in contact with the seed and the life cycle is 
repeated. 

REVIEW OF LITERATURE 

RECOGNITION OR THE RELATION OP CLIMATE TO THE SMUTS 

The first recognition of a relation between environment and the de¬ 
velopment of the smuts of oats, or, in fact, of any closely related smut, 
was made by Jones (75). The observations recorded in that publica¬ 
tion indicated, in his opinion, that certain climatic conditions prevailed 
in Vermont which were especially unfavorable for the development of 
oat smut. In the following year, however, Jones (16) found a higher 
percentage of smut in Vermont than in other sections of the country. 
These observations were supplemented by the records, for one season, of 
the soil temperattne during the period of germination and early develop¬ 
ment of the seedling. From these accumulated data, the writer con¬ 
cludes— 

it is evident that surrounding climatic or soil conditions may at any point in the con¬ 
test so favor one or the other of the contestants—either the oat plant or the smut fun¬ 
gus—as to decide which shall come out victorious’. 

ANALYSIS OP THE RELATION OP TEMPERATURE TO THE SMUTS 

Following Jones, other workers have recognized soil temperature as a 
factor of primary importance. Among them Hecke (12) distinguishes a 
threefold effect of temperature, involving particularly (i) the germina¬ 
tion of the spores and seeds, (2) the duration of conditions in host plant 
favorable for infection, and (3; the possibility of the fungus reaching the 
growing point of the plant. The greater number of the other publica¬ 
tions dealing with the relation of temperature to the disease can be 
classified according to the aspects thus distinguished. 

EPPBCT OP TBMPBRATURB UPON GBRMINATION OP SPORBS AND SEEDS 

Herzberg (ij) found the cardinal points of temperature for spore ger¬ 
mination of Ustilago avenae and of four other smuts to be as follows: 
Minimum between 5° and 11° C., optimum 22° to 30®, and maximum 
30° to 35°. 

Ravn (20) very early noted that the amount of oat smut varies with 
the time of sowing oats. Later, detailed experiments made possible the 
definite statement that the time of sowing affects greatly the occurrence 
of oat smut, that the quantity of smut is small or negligible when oats 
are sown early, and that it increases in later sowings. A decrease with 
very late sowing was observed in a few cases. In his discussion of the 
possible reasons for this climatic influence he presumes that the tem¬ 
perature during germination is the most important factor. 

Tubeuf (22), experimenting with the smut of oats, found no infection 
when the temperature was below 7° C. during the seedling stage and 20 
to 24 per cent at a temperature of 20® to 21°. In accounting for this 
difference, he showed that the minimum for the germination of the oat 
plant is lower than that of the smut, so that when the temperature is 
sufficiently low the host will escape infection. Thus, he is led to recom¬ 
mend early sowing. In a short pqper, Appel and Gassner (r) make 
some general remarks on oat smut, which are essentially in agreement 
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with the views of Tubeuf (22), as given in the first of this paragraph. 
Also Eriksson (7) considers that damp, warm weather during the sowing 
favors infection. Heald and Woolman (10) have found that a range of 
temperature between 40° and 65® F. during the germination of wheat is 
more favorable for bunt infection than either a higher or a lower tempera¬ 
ture. It is of interest that this range includes the minimum and the 
optimum for the germination of bunt spores as given by Hecke (12). 
Tnere are several nontechnical bulletins which mention the importance 
of temperature. Heald (9), in advising the early or late sowing of 
wheat, shows that during August not only is there a comparatively small 
number of smut spores in the soil, but that also the soil temperature is 
generally too high for optimum infection; and by the end of October or 
Sie first of November, not only has much of the wind-blown smut ger¬ 
minated, but also there is the frequent occurrence of a soil temperature 
too low for ready infection. In a similar publication, Heald and Zundel 
(ii) state that early seeding of oats results in the minimum amount of 
smut 

DURATION OP SUSCRPTIDIUTY OP HOST PIANT TO INFECTION 

Volkart (25) was the first to emphasize the fact that low temperature 
may prolong the infection period. He states that with oats and wheat 
the slower the initial stages of growth, the more abundant and severe 
will be the infection. However, extremely low temperatures may retard 
not only the germination of the seed but also may retard even more the 
germination of the smut spores and thus remove the danger of infection. 
ITiis point is more clearly set forth by Hecke (72). The latter's experi¬ 
ments dealt with the bunt of wheat which he found occurred most abun¬ 
dantly among plants which had passed their early stages during the low 
temperatures of late fall and early spring. The temperature of the first 
five days seemed decisive. That low temperatures at that time caused 
increased infection he lays in the main to the prolonging of the infection 
period, although he also discusses what he considers a greater ease with 
which the fungus may reach the growing point. In comparing oat 
smut with bunt in this temperature relation, he considers the low tempera¬ 
ture not only as a factor retarding the development of the oat seedling, 
but also as one delaying the germination of the smut spore. The possi¬ 
bility of this being true is substantiated by the cardinal points of tempera¬ 
ture. These, according to his citations, are as follows: For oats, 
minimum 4° to 5° C., optimum 25°, and maximum 30°; for oat smut, 
minimum 5° to 11° (9°), optimum 22° to 30°, maximum 30° to 35°; 
for wheat, minimum 3® to 4.5®, optimum 25®, maximum 30° to 32®; 
and for bunt spores, minimum less than 5°, optimum 16° to 18°, maximum 
less than 25°. 

Munerati (79) emphasizes the importance of the duration of the 
infection period for heavy bunt infection. He states: 

The faster the first phases in the evolution of the life of the seedling are passed through, 
the more completely is it able to escape attack by Tilletia, and vice versa. 

He comes to such conclusions as the result of experiments recorded in 
two publications (18, 79). 

It is obvious that a deeper sowing of seeds might have the effect of 
prolonging the infection period in a way similar to a low temperature. 
Jones (16) makes note of the factor of the depth of seeding. 

Kin^ner’s (77) conception is at variance with that of Volkart (23), 
Hecke (12), and Munerati (79). Kirchner, also working with bunt, says 
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there is no connection between the ability of the young plant to push 
tlu’ough the ground and the attack of smut. He considers the susceptir 
bility of the host to be dependent upon internal chemical differences, 
and that the host is not affected by external conditions so as to permit 
the entrance or bring about exclusion of the smut. 

POSSIBLE BPPSCT op TBMPBRATURB ON THB ABXUTV OP THB PUNOUS TO RBACB 
THB GROWING POINT OP THB HOST APTBR FBNBTRATION 

Hecke’s third aspect, the possibility of the fungus reaching the growing 
point of the host plant, is difficult to distinguish from the second, the 
prolongation of the infection period. Investigators dealing with the 
disease do not know without studying the host and the fungus separately 
which of these is modified by the temperature factor. Hecke classes 
Brefeld’s (j) work under the third aspect in which the fungus is con¬ 
sidered m^ified. Using germinated oat smut spores as inoculum, with 
a lower temperature (one not over 7® C.) he obtained 40 to 46 per cent 
infection, whereas at a higher temperature (above 15“ C.) he obtained 
27 to 30 per cent. With the factor of the'germination of the smut spores 
eliminated, Hecke concluded that the fungus reached the growing point 
of the host more easily at the lower than at the higher temperature. 
From his results, Brefeld considers that if, in cultivation, the seeding is 
done in warm weather, followed by cold, more smut will develop than 
when the temperature remains constantly high. The use of germinated 
spores as inoculum makes it impossible to compare Brefeld’s work with 
that of other investigators of oat smut. 

REI.ATION OF MOISTURE TO THE SMUTS 

The relation of moisture is discussed by Clinton (4) and by Hungerford 
and Wade (14). The former notes greater loss from both loose and 
covered smut of oats in the “hardpan region” of Illinois than in central 
Illinois. He thinks that the higher moisture content of the soil in this 
region favors the fungus and causes more infection. The latter observed 
that in fields sown immediately after rain, a higher percentage of bunt 
appeared than in those sown under relatively dry conditions. Results 
obtained from their greenhouse experiments seemed to confirm this 
observation. 

EXPERIMENTAL STUDIES 

THE INFLUENCE OF TEMPERATURE ON SPORE GERMINATION 

The first problem was to redetermine the cardinal points of tempera¬ 
ture for spore germination. The spore material used was grown the 
spring previous to experimentation and was from 2 to 7 months old 
when used. To insure its uniformity, all the smutted heads were kept 
in one envelop, and the spores shaken from the heads were introduced 
into 30 cc. of medium in approximately the same quantities each time. 
After tr)H[ng several different media, a beef broth (4 gm. Liebig beef 
extract and 10 gm. peptone per 1,000 cc. of distilled water) of -fio 
Fuller’s scale (Ph6.i) was chosen. About two small loopfuls of the spore 
suspension were mounted in Van Tieghem cells or hollow-ground slides. 
As Duggar (6) has shown the form of the drop and the amount of evapor¬ 
ation to be significant, care was taken that all cmiditions of mounting 
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should be as uniform as possible. Duplicate mounts were placed at each 
temperature, and the experiment was replicated 15 times. Automatically 
regulated incubators furnished the constant temperatures to which the 
spores were subjected. At each observation the percentage of germina¬ 
tion of 400 spores was recorded for each cell. 

The results of a typical experiment are expressed in Table I, and 
Figures i and 2. l^he results of all the experiments are brought together 
in Table II. 



TablG I .—Average percentage of germination of chlamydospores of Ustilaqo avenae 
produced 5 months earlier^ incubated at different temperaturesj and recorded at successive 
intefuals 
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In order that Table II be clear to the reader, there are four facts which 
must be borne in mind. Firgt, in many cases the incubators did not hold 
the temperatures within satisfactory limits, so that the upper limit of the 
temperature range was more significant than the average temperature, 
especially when the spores were incubated for a long time. For this 
reason the minimum temperature for spore germination rests between 4® 
and 5° C. In the second place, the age of the spore material influences 
very markedly the percentage of germination and, to a small degree, 
> extends the range of temperature within which the spores will germinate. 
This is seen clearly in the germination between 31.7° and 32.7° C. Of 
six observations made after 6 hours, germination occurred when the 
spore material was 2 and 4 months old, but not when it was 5 and 6 
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Pio. a.—Time reqtiired for maximum percentage of germination and sporidial formation with Usiilago 
avenae, at temperatures ranging from 4** to 35^ C., in experiment s* 

months old. Third, the spore material used for ex}>erimentation in the 
second year showed a higher percentage of germination, and germination 
at a wider range of temperatures than that used the first year. This 
accounts for the fact that experiments ii to 15, inclusive, conducted 
during the second year, show higher percentages than the earlier experi¬ 
ments. In the fourth place, germination apparently decreased after a 
certain length of time, as some of the figures in the table show. This, of 
course, could not be due to an actual decrease, but was due to the fact 
ttat the promycelia broke away from some of the spores, leaving them 
indistinguishable from ungerminated spores. The examinations were 
discontinued in most cases when lower percentages were obtained. Where 
the records were made, however, the figures were recorded to show in a 
more decisive way where the maximum germination was attained. 




Table II .—Results of experiments 5 to 10, conducted in iQiSt and of experiments ii to 75, conducted in IQIQ, showing the average percentage of germina-- 
Hon of the chlamydospores of Ustilago avenae of different ages, incubated at different temperatures^ and recorded at successive intervals. 
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With these three considerations in mind, it may be concluded that the 
spores begin to germinate between 4° and 5° C., and that the maximum 
temperature for germination lies between 31° and 34°. If the optimum 
be arbitrarily chosen as that range of temperature over which germination 
with usual sporidial production will take place under these conditions 
in 24 hours, it is 15° to 28®. The minimum and optimum for sporidial 
production are the same as for germination, but the maximum is some¬ 
what lower, ranging from 29® to 30°. 

A few interesting observations may be noted here. In the broth 
solution the spores most commonly germinate into promycelia from which 
sporidia are cut off, in contrast with the germination on agar placed in 
the soil, where hyphae usually are produced in place of the sporidia. The 
effect of very high temperatures is evident in the type of germ tubes. 
At the lowest temperatures the tubes appear to be normal, whereas, at 
temperatures around 29® and 30® C., the sporidia sometimes seem not to 
be completely formed and the tubes tend to be thin and transparent. At 
temperatures around 32® the tubes are barely visible and never grow to 
the usual length. 

THE INFLUENCE OF MOISTURE ON SPORE GERMINATION 

The object of this phase of the work was to determine the effect of the 
moisture content of the soil on the spores of Ustilago cnience. Various 
methods, whereby spores could be placed in the soil under conditions 
similar to those obtaining in nature and recovered for examination under 
the microscope, were considered. The following technique finally was 
adopted. A^ut 30 cc. of 2.5 per cent water agar of known acidity 
(Ph 6.4 or +0.4 Fuller’s scale) was poured into open petri dishes and 
dried thoroughly at a temperature not above 60® C. From the dried 
agar, smooth pieces i cm. square were cut. To distribute the spores 
evenly over the pieces of agar, a surface of paper was covered as evenly 
as possible with the spores. The pieces of agar were then laid one by 
one upon this surface and pressed gently to bring the whole of the surface 
in contact with the spores. Pieces of filter paper then were clipped 
above and below the agar with a fine wire. The spores thus prepared 
were sown under the same conditions as the oat seeds, i inch below the 
surface of the soil. 

The soil moistures were made up on the basis of the moisture-holding 
capacity, as in the experiments of Bartholomew and Jones (2), and 
the acidity determined by Truog’s (21) method. To insure unifonn 
moisture distribution in the soil, either water was added to the soil 24 
hours previous to sowing, or moistened soil was mixed before using, 
except that the 80 per cent was made originally to 60 per cent and after 
seeding was brought to 80 per cent. Uniform temperatures were main¬ 
tained by incubators. The germination of the spores on the agar layer 
could be counted under the microscope after the removal of the filter 
paper. 

At this point the question will arise as to how closely the conditions 
to which the spores were subjected in these experiments approximate the 
actual conditions to which the spores are exposed when naturally dis¬ 
tributed in the soil. The availability of water to the spores is probably 
not the same when the spores are in contact with the agar as when they 
are in contact with the soil. In order to determine whether the amount 
of water absorbed by the agar varies directly with the moisture content 

39364 —“ 23——4 
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of the soil the following experiment was performed. Layers of oven- 
dried agar were weighed, clipped between filter papers, buried for 24 
hours in cans of soil, the moisture content of which was made up to 
definite percentages, and then removed and weighed. The quantity of 
distilled water absorbed by i gram of oven-dried agar in 24 hours at 
22® to 23° C. was found to be 11.8 ^ams. This maximum quantity of 
water absorbed under these conditions may be considered the water¬ 
holding capacity of agar. In the same time alid at the same temperature 
similar agar placed in samples of a soil containing, respectively, 80 per 
cent, 50 per cent, and 20 per cent of its moisture-holding capacity, 
absorbed, respectively, 55 p» cent, 30 per cent, and 10 per cent of its 
water-holding capacity. I^is shows that agar absorbs water approxi¬ 
mately in proportion to the amount in the soil and may be interpreted 
as indicating that the amount of water available to the fungus fluctuates 
with the moisture content of the soil. It would seem that, as far as the 
other factors in the soil are concerned, the conditions to which the spores 
were subjected very closely approximated those occurring in nature, and 
it will so be assumed in the remainder of this paper. 

In the first moisture experiments, the soil temperature was main¬ 
tained between 20° and 24° C, and germination was recorded between 
24 and 27 hours after sowing. Table III gives a summary of the results 
of these experiments. 

From Table III it will be seen that the production of sporidia, or the 
small hyphae which replace the sporidia, seems to be associated with 
conditions favorable to good germination, and occurs less frequently at 
80 per cent soil moisture. 

Table III .—Relation of soil moisture to the spore germination of Ustilago avenae 
incubated at 20^* to 24° C. in 24 to 27 hours 



30 per cent water-holding 

60 per cent water-holding 

So per cent water-holding 

Age of 


capaaty. 


capaaty. 


capaaty. 

spores 1 
(months). 

Germi¬ 

nation. 

Type of germination. ^ 

Germi¬ 

nation. 

Type of germination. 

Germi¬ 

nation. 

Type of germination. 


Ptrci. 


Per df. 


Per d. 



21 

Threads, buds,^ 
sporidia. 

21 

Threads. 

4 

Short tubes, 
long tubes, 









buds. 

II. 

19 

3S 

Threads, sporidia. 
Threads, buds; 
sporidia rare. 

19 

28 

.do. 

0 


2 . 

Threads rare; 

.6 

Tubes just vis¬ 
ible; one long 


buds abundant; 





very many 
short tubes. 


with thread. 


2 .. 

16 

Sporidia abun¬ 
dant; threads, 

ZI 

Irong tubes, 
threads, buds. 

e 

Threads. 


0 


1 

buds, long 
tubes. 





c. 

16 

Very long tubes, 
threads; spo¬ 

zo 

Threads. 

s 

Do. 

•/. 




ridia abundant. 





e. 

18 

Threads, spo¬ 

ridia very rare. 

IS 

.do. 

7 

Few threads; 



long and ^ort 
tubes; buds. 




Aver¬ 

21 


17 


4 

age. 

• 





^ Threads are the infection hsrphae which may replace eportdia. Buds, a very early state of infection 
hyphae or sporidia. 
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It was next desired to ascertain whether the same general relation of 
spore germination to varying soil moistures obtains at other tempera¬ 
tures. The low temperatures of 10° to 13® C., and the high temperatures 
of 30“ to 33® were chosen for this study. The duration of the different 
experiments was determined by the length of time required for spore 
germination at those temperatures. Tables IV and V show an agreement 
with Table III, and the three tables make clear that at these different 
temperatures germination is highest at 30 per cent soil moisture, is 
usually less at 60, and falls off very mark^ly at 80. 

TablB IV.— Relation of soil moisture to ike spore germination of Ustilago avenae 
incubated at temperatures of 10° to ij° C. in 48 hours 


Aeeof 

spores 

(months). 

30 per cent water-holding 
capacity. 

60 per cent water-holding 
capacity 

80 per cent water-holding 
capacity. 

Germi¬ 

nation. 

Type of germination. 

Germi¬ 

nation. 

Type of germination. 

Germi¬ 

nation 

Type of germination. 

9 . 

2. 

5 . 

Aver¬ 

age. 

Per ct. 

24 

9 

9 

14 

Threads, some 
short tubes, 
long tubes, 
buds. 

Sporidia, threads. 

Sporidia rare. 

Perct. 
26 1 

3 

5 

11 

Threads very 
long; tubes, 
buds. j 

Long tubes. 

Threads, long 
and short 
tubes. 

Per ct, 

8 

1 

1 

2 

5 

5 

Threads, short 
and long 
tubes. 

Short tubes. 
Threads. 




Table V.— Relation of soil moisture to the spore germination of Ustilago avenae 
incubated at temperatures of jo° to C. in 24 hours 


Age of 
spores 
(months). 

30 per cent water-holding 
capacity. 

60 per cent water-holding 
capacity. 

80 per cent water-holding 
capacity. 

Germi¬ 

nation. 

Type of germination. 

Germi¬ 

nation. 

Type of germination. 

Ciermi- 

nation. 

Type of germination. 


Per ct. 


Per ct. 


1 

Per ct. 


10. 

4 

Short tubes, no 

3 

No Sporidia or 

0. 06 

Tubes just visi- 



sporidia, some 


threads, short 


ble. 



tubes long, 


tubes mostly 





some buds. 


just visible. 



2. 

12 

Long tubes with 

1 4 

Tubes long and 

. 20 

Do. 



few threads. 

1 

just visible. 



5 . 

10 

Long tubes, buds. 

13 

Threads, buds.... 

30 

Threads, short 







and long 







tubes. 

Aver¬ 

8 


7 


I. 0 


age. 



/ 





These results raise the question of the reason for the decrease of spore 
gemination at the higher moisture contents. An increase in water 
might bring about a change in other factors affecting germination. 
These factors may be markedly modified when the puddling point is 
reached. At 8o per cent soil moisture, puddling is easily brought about 
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by such mechanical agencies as jarring or rapid addition of water. It 
was observed that when such a point was reached in a few of the pre¬ 
liminary experiments, germination was very much lower than in ^e 
later experiments when puddling was avoided by very careful handling 
of the soil. It is obvious, then, that the condition of the soil containing 8o 
per cent'of its moisture-holding capacity was not far removed from that 
of puddled soil. Among the several factors that may have been re¬ 
sponsible for reduced germination in wet soil, that of absence of suffi¬ 
cient oxygen appears the most probable. For this reason experiments 
were carried on to determine whether the spores germinate in the absence 
of oxygen. 

THE INFLUENCE OF OXYGEN ON 3 PORE GERMINATION 



In the search for a method whereby oxygen could be excluded from a 
spore suspension which could be kept under observation, many devices 

were tried before a satisfactory 
technique was finally adopted. The 
apparatus used is shown in Figure 3. 
Oxygen-free air was forced through 
an Engelmann cell (fig. 3, C) where 
spores were suspended in beef broth 
(Ph 6.4), as in the germination ex- 
pmments previously described, 
^e beef broth had been freed from 
oxygen by heating at 100® C. and 
kept in an air-tight receptacle with 
a solution of pyrogallic acid. The 
oxygen was removed from the air in 
the air-tight bottle (fig. 3. B) by 
introducing a liter of alkaline pyro¬ 
gallic acid and shaking it within the 
bottle for 20 minutes. Normal 
pressure was restored after shaking 
by siphoning boiled water from the 
reservoir (fig. 3, A) into the oxygen-free bottle. The tube from the 
reservoir to the bottle was then tightly clamped, the reservoir covered 
with a quarter of an inch of kerosene to exclude oxygen, and the latter 
raised to the position shown in the figure. 

The Engelmann cell with its spore suspension was then attached to the 
outlet tube of the bottle, and a flow of water allowed to pass through the 
siphon into the bottle of oxygen-free air whose connection with the Engel¬ 
mann cell was then opened. The oxygen-free air thus forced through the 
Engelmann cell was allowed to bubble through water in a small bottle 
placed at a much lower level (fig. 3, D). 

By regulating the inflow of water from the reservoir, the oxygen-free 
air was forced rapidly through the cell for at least 40 minutes, and then 
more slowly for the remainder of the 24-hour period, except during the 
time when the air passing through the cell was collected for analysis in a 
Hempel pipette by the replacement of mercury. During each experi¬ 
ment four or five pipettes of gas were collected and the percentage of 
oxygen determined over phosphorus.* This analysis was made in order 


Fig. 3.— Apparatus for excluding oxygen from a 
spore suspension. A, reservoir of oxygen-free 
water; B, bottle containing pyrogallic acid; C» 
Engelmann cell; and D. bottle of water. 


< The Writer is indebted to Dr. A. S. l^ocYenhart and the Department of Pharmacology, University of 
Wisconsin, for the use of the oocgen^analysis apparatus# # 
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that the presence of oxygen entering the apparatus from any source 
might be detected. 

With the apparatus in this final arrangement, three spore suspensions 
were thus subjected to an atmosphere free from oxygen as determined by 
the analysis of the samples of air passing over them. In no case did 
these spores germinate. Control mounts in Van Tieghem cells showed 
good germination. Before the apparatus was perfected and gas analysis 
made at the end of each germination, 15 trials had been made in which 
germination had occurred in only two instances when leaks in the ap¬ 
paratus, which admitted oxygen, were subsequently detected. The 
data confirm the results of the three final trials cited, and strengthen 
the evidence that Ustilago avenae spores will not germinate in the absence 
of oxygen. Some of these trials, however, have indicated that the spores 
will germinate in a low percentage of oxygen. In two experiments, ger¬ 
mination of 5.9 per cent was found when the oxygen percentage was 5.85 
and 1.95. The controls gave 28 and 35 per cent. In another trial in 
which germination was 27 per cent, and the control germinated 21 per 
cent, the gas analysis showed 0.5 per cent of oxygen. 

DISCUSSION AND CONCLUSIONS 

From the temperature experiments, it may be concluded that within 
the range from 9° to 28° C. there is no temperature effect upon the 
fungus which may prevent infection and establishment of the fungus 
within the host. According to Bartholomew and Jones h) the range of 
temperature over which the highest percentages of smut occur is from 
12° to 28°. This is nearly covered by the optimum range for germination 
of the fungus, 15° to 28°. Here also, according to Haberlandt {8, p. 43), is 
included the optimum for the most favorable and rapid germination of 
the host; namely, 25° C. At 9°, where the percentage of smut is either 
zero or very low, it takes about 10 days for the host to appear above 
ground and from four to five days for a good germination of the fungus 
and subsequent sporidial production. It would seem that the lack of 
smut was in no way due to an unfavorable influence of temperature upon 
the fungus alone. At 29® and below 6® C., however, the temperature 
seems to be unfavorable to the fungus. At the first and above, the germi¬ 
nation is very much reduced and is abnormal, while sporidial production 
is rare. Here, it seems clear, a temperature effect may be the cause of the 
low percentage of smut. Below 6® it is possible that the host may 
develop before the germination of the fungus takes place, as the fungus 
requires about nine days to produce any considerable germination. 
These temperature conclusions are essentially in agreement with those 
of Ravn (20), Tubeuf (22), Eriksson (7), and Heald and Zundel (//). 

As Bartholomew and Jones (2) found a low percentage of smut at the 
high soil moistures, and as at 80 per cent soil moisture there is a decidedly 
low fungal germination, with a slight falling off at 60 per cent as compared 
with 30 per cent, it seems safe to conclude that at the high content of 
soil moisture the decrease in spore germination may be a direct cause of 
the low percentage of smut. Analyzing this still further, we can per¬ 
ceive indications that this may be due to a factor involving oxygen 
supply. Were the oxygen completely eliminated at these high moisture 
contents, it could be stated conclusively that the absence of oxygen 
prevented the smut germination, for these experiments have demon¬ 
strated for this fungus the commonly assumed hypothesis that the spores 
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will not germinate in a liquid which is not exposed to oxygen. On the 
other hand, these experiments also indicate very strongly that with 
reduced oxygen supply germination still may take place. If it were 
true that in a soil of high moisture content some smut spores were in 
contact with oxygen and others were not, the reduction in germination 
would be clearly explained. 


SUMMARY 

(1) In order to determine the effect of temperature upon the germi¬ 
nation of the spores of Ustilago avenae, spores were germinated in Van 
Tieghem cells or hollow-ground slides at a series of temperatures ranging 
from 4° to 35° C. in beef broth H-io Fuller’s scale (Ph 6.1). The opti¬ 
mum for germination is arbitrarily defined as that range of temperature 
over which germination with usual sporidial production will take place 
under these conditions in 24 hours. The minimum temperature for germi¬ 
nation was found to be between 4° and 5° C., the optimum from 15® 
to 28°, and the maximum between 31° and 34“. 

(2) Under these conditions, the minimum and optimum for sporidial 
production are the same as for germination, but the maximum is some¬ 
what lower, ranging from 29° to 30® C. 

(3) The relation of moisture to spore germination was studied by 
placing the spores on layers of agar between filter pap>ers in soil con¬ 
taining 30, 60, and 80 per cent, respectively, of its moisture-holding 
capacity. Germination was found to be highest at 30 per cent, to fall 
off slightly at 60 per cent, and very markedly at 80 per cent. 

(4) Ustilago avenae spores failed to germinate in a suspension exposed 
to an oxygen-free atmosphere. 
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INFLUENCE OF TEMPERATURE ON THE SPORE GER¬ 
MINATION OF USTILAGO ZEAE ‘ 

By Edith Sbymour Jonbs 

Formerly Scientific Assistant, Office of Cereal Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 

Temperature has been regarded by investigators as important among 
the environmental conditions influencing the infection of corn by Ustilago 
zeae (Beckm.) Unger. Maire (5)* found that the spores of the com smut 
fungus “germinate more quickly if the temperature is a little raised (20° 
to 25°)“ and that the optimum temperature for sporidial and filamentous 
development is 20° to 25° C. Piemeisel (7), in considering the “ phenome¬ 
non of infection and the optimum conditions for the propagation of the 
fungus,” found the optimum temperature for the budding of sporidia to 
lie between 20° and 26° C., the maximum at about 40° and the thermal 
death point near 46°. He also found that incubation at 24° to 38° did 
not seem to influence the rate or amount of germination of the smut 
spores. 

As the germination of the spores themselves would seem to be at least 
as significant as the budding of sporidia, and as the above investigators 
do not give detailed experiments on this stage of fungal activity, a study 
of the influence of temperature on the spore germination of Ustilago zeae 
was undertaken in order to throw additional light upon the relation of 
temperature to this early, significant stage in the life history of the 
fungus. The studies of which the results are presented in this paper have 
been carried on under the direction of Dr. L. R. Jones. 

In searching for suitable media for spore germination it was attempted 
to duplicate natural soil conditions. Brefeld (2, />. 67-75) performed 
experiments which indicated that the germination of the Ustilago zeae 
spores takes place in the soil. The conception of soil, especially that 
containing manures, as a usual medium of germination of the spores also 
has been held even down to the present time. In attempting to find a 
soil medium like that obtaining in nature, the method of Thompson (<?) 
was tested. When a tap-water suspension of spores was poured onto 
loam, no germination took place, whereas, when a suspension of spores 
in Pasteur’s solution was introduced in the same way, germination fol¬ 
lowed. It seemed that the conditions for spore germination in such soil 
were not suitable, whereas they were satisfactory in the Pasteur liquid. 
In an attempt to find a soil on which the spores would germinate, seven 
modifications of loam and manure were employed, and the spores of 
Tilletia tritici (Bjerk.), Wint., were used as controls. On one pot which 
contained cow manure and loam, 1:2, there was considerable germina¬ 
tion, and on another pot, one germinating spore was observed. Another 
test gave slight germination. In all these tests the bunt spores germi¬ 
nated abimdantly, but, as a result of all the 27 attempts to germinate 
the spores of Ustilago zeae on soil, no satisfactory method was found. 


> Accepted for publicatioa Aug. as. xgaa. 

The investiKatiotts. the results of which are presented in this paper, were conducted cooperatively by the 
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An artificial medium was used, therefore, in the study of the effect of 
temperature on spore germination. Arthur and Stuart (/), Brefeld (a), 
Clinton (j), Hitdicock and Norton (4), Maire (5), and Norton (d)germi¬ 
nated the spores in many artificial media. Of these, Pasteur’s solution 
was found most favorable for the following experiments. 

The spores from a pustule formed in an anther were suspended in 
a tube of medium, mounted in Van Tieghem cells, and subjected to 13 
different temperatures between 8° and 37° C. in thermo-regulated 
incubators. Duplicate mounts were placed at each temperature and the 
experiment performed 11 times. To determine the cardinal temperatures 
for germination, the percentage of germination was counted; the sporidial 
production, the number of cells in the promycelia, and the cell contents 
were observed; and the length and width of the germ tubes measured. 



OEGREES <£NTIGMDE 

Fio. z.—Graph lowing percentages of germination of chlamydospores of Ustilago zeae at different tempera¬ 
tures. 


The exact minimum for spore germination of UstUago zeae was not 
determined. Four experiments showed germination* at an average 
temperature ranging from 7.9“ to 8.4® C., 5 ie germ tubes appearing on 
the 12th, 15th, i6th, and 21st days, respectively. The temperature 
range of the individual tests was greater than desired. That, together 
with the daily removal of the mounts from the incubators, may have given 
sufficient opportunity for eventual germination. The optimum tempera¬ 
ture for germination is arbitrarily defined as that at which there is the 
highest percentage of germination within 24 hours together with a pro 
duction of such germ tubes as behave normally, especially with respect 
to sporidial production. The highest percentage of germination within 
24 hours occurred between 26.5® and 34.7® C. as is shown in Table I 
and figure i, which give the average results of all experiments. As 
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determined by the number produced on first observation, the optimum 
temperature for sporidial production lies between 26.5® and 34.7° C. 
Tlie maximum lies between 36® and 38®. Of 20 observations above 34® 
only 4 showed abundant production. 

At the low temperatures, wherever germination took place sporidia 
also were produced. The number of cells in the basidia and the width of 
basidia w'ere alike at the different temperatures and so could not be 
used as criteria in establishing the optimum temperatures. The lengths 
of basidia and condition of cellular contents, as shown in Table I, differed 
at 36.1° to 37.8® C. from those at other temperatures, indicating a 
deviation from normal at this high temperature. As below 26.5® the 
percentage of germination is decreased, and, as above 34.7®.the sporidial 
production is decreased and germ tubes are abnormal, the optimum tem¬ 
perature for spore germination may be stated as between about 26® and 
34® C. As Table I shows that the maximum temperature rests between 
37.1° and 37.8° and as six experiments show no germination at tempera¬ 
tures above 38° after two weeks, the maximum temperature for germi¬ 
nation apparently lies between 37® and 38® C. 

Attention should be called to the fact that this optimum temperature 
for germination is much higher for Ustilago zeae than for other smuts 
which have been studied in this laboratory. For example, Ustilago 
avenae germinates best between 15® and 28° C., and, according to Volkart 
(p), TUletia tritici (Bjerk.) Wint. and T. laevis Kiihn germinate best 
between 16® and 18° C. 

SUMMARY AND CONCLUSIONS 

(1) In 27 trials to germinate Ustilago zeae spores in soils containing dif¬ 
ferent amounts of manure, there w'as considerable germination in only 
one, slight germination in another, and germination barely occurring in 
a third. The spores germinated readily in many artificial media, from 
among which Pasteur’s solution was chosen for the experiments to 
determine the relation of temperature to spore germination. 

(2) The optimum temperature for the germination of Ustilago zeae 
spores was found to lie between about 26® and 34® C., the maximum be¬ 
tween 36® and 38®, and germination was observed to occur at the mini¬ 
mum temperature of 8®. The optimum for sporidial production lies also 
between about 26® and 34® C., the maximum between 36® and 38®, and 
sporidia are produced at the lowest temperatures at which germination 
was observed. 

(3) The experiments showing that high tem^ature is most favorable 
for spore germination indicate that infection likewise is favored by hot 
weather whether the germination takes place in the soil or in water held 
upon the host plant. 
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SPORES IN THE UPPER AIR‘ 


By Elvin C. Stakhan, Agent, Ojffice of Cereal Investigations, and Plant Pathologist, 

Agricultural Experiment Station, University of Minnesota, and Arthur W. Henry, 

Gordon C. Cuman, and Warren N. Christopher, Field Assistants, Office of 

Cereal Investigations, United States Department of Agriculture^ 

INTRODUCTION 

As a part of the rust-epidemiology investigations which have been 
made since the spring of 1917 by the Office of Cereal Investigations of 
the United States Department of Agriculture in cooperation with several 
State experiment stations, attempts have been made to get as much 
information as possible on the dissemination of spores by air currents 
and to correlate the data with the spread of rust on host plants. The 
usual method in studying the distribution of spores of pathogenic fungi 
by wind has been to expose spore traps of various kinds near the surface 
of the earth. The possibility of spores being carried to higher altitudes 
by convection currents, whirlwinds, and other air movements has been 
recognized, and spore traps have been exposed on high buildings, on 
mountain tops, and other elevated points. However, it is desirable to 
know how many spores there are in suspension several thousand feet 
above the surface of the earth. 

During the spring and summer of 1921 * spore traps * were exposed on 
airplanes ‘ in the hope of obtaining more information on the dissemina¬ 
tion of aeciospores and urediniospores of Puccinia graminis and other 
rust fungi. The general results seem to be worth recording, although 
the problem of rust epidemiology was not solved. 

METHODS 

Ajrp lanes were used i n preference to balloons, kites, or other similar 
devices, because long distances could be covered in a short time, spore 
traps could be exposed easily at different altitudes, and the direction of 
flight could be changed at will. 

Ordinary microscope slides (3 inches by i inch), smeared lightly with 
vaseline on one side, were exposed in different ways. One method was 


* Accepted for ptiblicattoii Aug. 9z, X939. 
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for the operator, seated in the passenger cockpit of the plane, to expose 
the slide by hand for the desired lengA of time and then return it to the 
slide box in which it had been carried. Another method consisted in 
placing inside of a bottle a microscope slide attached to a wooden paddle, 
the upper part of which extended through a hole in the cork of the bottle 
and served as a handle. After the slide had been exposed it was again 
placed in the bottle. This obviated the necessity of opening the slide 
box in order to remove or insert a slide, but was rather cumbersome, as 
it was necessary to carry as many bottles as there were slides to be 
exposed. 

A third method was to expose the slides in a mechanical spore trap. 
Several types of trap were used, but one devised by Mr. George was the 
most satisfactory. This was made with six compartments, each con¬ 
taining a slide. It was fastened to the wing struts of the plane and was 
provided with a wire control which was operated by the observer in the 
cockpit. One pull on the wire opened the first compartment and exposed 
slide No. i; a second pull closed this compartment and terminated the 
exposure of the slide. The other compartments were opened and closed 
in the same manner. (PI. 2.) By this method slides could be exposed, 
one at a time, for the desired length of time, at various altitudes, and at 
widely sep^ated points. 

Flights were made in southern Texas during the latter part of April 
and during May, at St. Paul on June 25, and between Omaha, Nebr., 
and Cheyenne, Wyo., in July, 1921. The exposed slides were sent 
immediately in tight twxes to St. Paul, where spore counts were made. 

RESULTS 

Some typical results of exposing slides are summarized in Tables I 
and II. It is evident that there are many fungous spores at altitudes 
as high as 11,000 feet above the surface of the earth. In examining the 
slides special attention was given to rust spores. However, a great 
many spores of many other kinds of fungi, as well as conidiophores, 
numerous pollen grains, glumes of grasses, and some small insects also 
were caught on the slides. 

It was practically impossible to identify many of the spores definitely. 
It was certain, however, that there were many spores of Puccinia, 
Altemaria, Helminthosporium, Cladosporium, Cephalothecium, Ustilago, 
Tilletia, and Scolecotrichum. (PI. i.) Spores of Altemaria were by far 
the most numerous, and not infrequently they were found adhering in 
characteristic chains. Chains of Cladosporium spores also often were 
found on the slides. On some of the slides there were large clumps of 
smut spores, there being approximately 60 in one of the largest clumps. 
Urediniospores were caught more commonly than any of the other spore 
forms of rust fungi, although teliospores were not uncommon, and, in 
1922, aeciospores also were caught. On one slide there was a spore of 
what appeared to be Ustilago zeae with a promycelium and about 20 
sporidia still attached. It is possible that this spore may have germinated 
in the vaseline. This seems quite unlikely, however, as there was no 
indication whatever that any of the other spores had germinated, and 
it seemed more probable, thwefore, that the spore with its promycelium 
and attached sporidia was carried up into the air after it had germinated. 
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Tabi,8 I <—Remits exposing slides on airplanes 
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l/)cation. 

Date. 

Altitude (above ground). 

Length of exposure. 

Spores and pollen grains on 
slides. 

Stem rust, uredinio- 
spores. 

Leaf rust,* uredixuo* 
spores. 

Altemaria spores. 

Helminthosporium 

spores. 

Miscellaneous spores. 

e 

fv< 

Total. 
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X, 000 to 

30 

80 

86 

36 

X 

15 


3 x 8 
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1 Pucemia triticma and P. eoronaia, * ab*-Abundant (over aoo). 

* Exposed by hand. < n«*Numerous (too to aoo). 
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Tabi,]® I .—Results of exposing slides on airplanes —Continued 



4* 

43 

44 

45 

46 

47 

48 

49 

50 

51 

Sa 


West oC Pine Bluff, Wyo. 

Grand Island, Nebr. 

Big Springs, Nebr., to Sidney, Nebr.. 

Sidney, Nebr., to Bushnell, Nebr. 

Lodgepole, Nebr., to Brule, Nebr. 

Brple, Nebr., to North Platte, Nebr.. 

North Platte, Nebr. 

Curtiss Field, St Paul, Minn. 

_db. 

.....do. 

.....do. 


July 19 

...do. 

July as 

.. .do. 

July as 

.. .do. 


...do..., 
June as 


,do. 

do. 

do. 


Fe§t. 
10,000 
a. 000 
3.S00 
5*000 
4»500 to 
5.000 
5,000 to 

Control 
500 
1.000 
X* 500 
a. 000 



^ Puccinia ^ 7 fVma and P. c<nonata» * ab—Abundant (over aoo). * n«>Numerous (100 to aoo). 


Table II .—Results of exposing slides in a spore trap on the wing of an airplane and by 
hand from the cockpit for five minutes, at Fort Crook, Nebr,, July 22, ig 2 t 


Spores and pollen grains on slides 


Altitude. 


Manner of exposure. 





In spore trap 

By hand. 

In spore trap 

By hand. 

In spore trap 

By hand. 

In spore trap 

By hand. 

In spore trap 
By hand.... 
In spore trap 
By hand. 
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TabI/ 1 ^ III .—Results of exposing slides^ coated with vaseline or alycerine jelly, simul¬ 
taneously by hand for j minutes on June 14, and vaseline-coated slides by hand for 10 
minutes on July 5, from airplanes in the vicinity of a 40-acre tract containing large 
numbers of escaped common barberry bushes, near Waukegan, III, 


Number of spores of Puccinia graminis 
on slides. 


Slide 

No. 


Date. 


Altitude 

above 

ground. 


I/)cation. 


Aedospores. 


Urediniospores. 


X 

3 

4 

5 

6 

7 

8 
xo 
IX 

xa 

X 3 

»4 

15 

x6 

17 

x8 

X 9 

to 

sx 

fa 


tgaa, 
June 14 

...do. 

.. .do. 

...do. 

...do.I 

...do. 

. ..do. 

...do.' 

...do.' 

...do. 

July 5 

...do. 

...do.... 

...do. 

.. .do. 

...do. 

...do. 

.. do. 

...do. 

.. .do. 


Fut, 


zoo 

x,ooo 

3,000 

5.000 
7.000 
10,000 
za.ooo 
a. 000 
a. 000 


100 

zoo 

z.ooo 

1,000 


а. 000 

б, 000 
6,000 


a, 000 


Over bushes. 

....do. 

....do. 

_do. 

....do. 

....do. 

_do. 

zo miles away. 

zs miles away. 

as miles away....... 

Over bushes. 

....do. 

_do. 

_do. 

....do... 

....do. 

....do. 

....do... 

Over Port Sheridan. 
....do. 


Vaseline. 


4 

5 

6 
I 

3 
o 
o 

4 
a 
z 

14 

8 

7 

xo 

zx 

9 

4 

7 

o 

z 


Glycef' 
ine jelly. 


6 

XS 

6 

7 

o 

4 

X 

5 
a 
o 


Vaseline. 


o 

a 

X 

o 

o 

o 

o 

X 

o 

o 


Glycer¬ 
ine jelly. 


o 

X 

a 

o 

a 

o 

o 

a 

X 

o 


5 

a 

4 

o 

4 

3 

3 

3 

a 

z 


On a single one of the slides, exposed for five minutes at an altitude 
of 10,500 feet (about 2 miles), near Fort Crook, Nebr., 224 spores were 
caught. On a similar slide exposed for the same length of time at an 
altitude of 8,000 feet, 827 spores of known identity were caught, and in 
addition there were about 200 spores of unidentified forms, making the 
total about 1,000. 

The highest altitude at which slides were exposed was 16,500 feet, or 
more than 3 miles above the surface of the earth. This slide was exposed 
between Waco and San Antonio, Tex., on April 28, 1921, and two ure¬ 
diniospores of what appeared to be Puccinia triticina were caught. It 
would not be safe, however, to conclude that spores normally occur at this 
height, as only a few flights were made at such extreme elevations. 
Spores are very numerous up to about 11,000 feet, but at higher altitudes 
they apparently are relatively scarce. 

The number of spores caught per slide varied according to the method 
and place of exposure. Fewer spores were caught in the mechanical spore 
trap than on the slides which were exposed by hand. This probably 
was due to the fact that the spore trap was attached to the struts just 
above the upper surface of the lower wing, and it is quite probable that 
the air currents were deflected in such a manner as to miss the slides to 
some extent. By referring to Table II it will be seen that more spores 
were caught on slides which were exposed by hand from the cockpit than 
on those in the spore trap on the lower win^. In future work it probably 
would be well, therefore, to expose the slides on the fuselage or under 
the lower wing. 
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The real question, however, is not whether a great many spores are 
in the upper air, but whether they still are viable when they reach the 
surface of the earth. The difficulty of determining this conclusively is 
quite apparent. Germination tests were made, but some of them were 
inconclusive. The spores were embedded in vaseline, and when they 
were transferred to water they apparently did not imbibe much of it on 
account of the presence of the vaseline on the exospore. However, 
JAltemaria spores which had been caught at 3,000, 4,cxx>, 8,000, and 
io,5cx3 feet, respectively, germinated quite readily. 

None of the mediniospores of Puccinia graminis germinated in 1921, 
but many of the tests were made too long after the spores were caught. 

I In 1922, many more tests were made, and it was found that urediniospores 
I germinated readily when caught at altitudes up to 7,cxx> feet. No tests 
were made on spores which had been caught at higher elevations. In one 
test, 64 per cent of the urediniospores germinated on a slide which had 
been exposed at 2,000 feet. The altitude at which the spores were caught 
apparently had little or no effect upon their viability. It seems quite 
likely, therefore, that urediniospores might be carried for long distances 
in the air and still retain their power to germinate. Germination tests 
were made of the spores on 24 different slides, and an average of 11.2 
per cent of the urediniospores germinated. Considering the fact that the 
spores often were partially embedded in vaseline or glycerine jelly, a 
surprisingly large percentage germinated. A few aeciospores which had 
been caught at an elevation of 1,000 feet also germinal^. Many of the 
other kinds of spores also germinated very readily. 

GENERAL DISCUSSION 

The results of these preliminary experiments indicate that large 
numbers of spores and pollen grains are carried several thousand feet 
above the surface of the earth during the growing season. Probably 
they are carried long distances by the upper air currents, the direction 
and velocity of which are quite different from those near the surface. 
If the spores retain their viability, as some of them quite probably do, 
it is conceivable that a local epidemic might occur in one locality as a 
result of the blowing in of spores from an infection center in another 
distant locality. It would be particularly desirable to know more about 
the dissemination of the spores of those pathogens which often seem to 
be disseminated over wide areas in some almost miraculous manner, 
such for example, as Phytophthora infestans and various rust fungi. 

Attempts were made in 1922 to get data regarding the spread of 
black stem rust. Slides were exposed on airplanes in Nebraska, Kansas, 
and Oklahoma, before stem rust had developed in those States but 
when it was already present in Texas. No spores were caught, however, 
until rust began to develop near the area in which flights were made. 
Flights were made from Fort Sill, Okla., toward Denison, Tex., when 
there was a considerable amotmt of rust near D^son but none in 
Oklahoma. It was quite clear that the number of spores in the air 
decreased rather rapidly as the distance from the rusted area increased. 
The distance to which spores may be carried undoubtedly depends on 
many factors, and no flnal conclusions can be drawn from a limited 
number of observations. Certainly aeciospores and urediniospores are 
carried up as high as 10,000 feet, and more, above the stnface of the 
earth. Unless they are brought down by rain or some other agaicy. 
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they probably are blown long distances. Just how far they are blown 
and just how important they are in starting rust far from the place 
where they were produced can not be stated definitely. More observa¬ 
tions mil be made. 

The airplane is a great aid in studying the distribution of spores of 
pathogenic fungi. It is likely to be very useful in epidemiology studies 
and it also may be useful in determining the value of establishing 
quarantine lines. 

SUMMARY 

(1) In the spring and summer of 1921 spore traps were exposed on 
airplanes at various altitudes and at several places in the Mississippi 
Valley. 

(2) Many spores of several different genera of pathogenic fungi, coni- 
diophores, pollen grains, glumes of grasses, and small insects were caught 
on the slides. 

(3) Spores and pollen grains were relatively abundant at altitudes up 
to 11,000 feet. They were relatively scarce at higher altitudes, but two 
spores of what appeared to be Puccinia triticina were caught as high as 
16,500 feet. 

(4) Altemaria spores which were caught at altitudes of 10,500 feet and 
less were viable; urediniospores and aeciospores of Puccinia granUnis, 
caught at elevations of 7,000 feet and 1,000 feet, respectively, also 
germinated. 

(5) Airplanes probably will be useful in studying the dissemination of 
spores of many pathogenic fungi, and probably will aid in the solution 
of problems connected with the development of epidemics of plant 
diseases. 




PLATE I » 

Photomicrographs of spores caught on slides at various altitudes. 

A. —Cluster of Ustilago chlamydosporcs (3,000 feet, near Wahoo, Nebr., July x6). 

B. —Teliospore, Tilleiia iritici spore, three rust urediniospores, and an Altemaria 
spore (1,500 feet, near Wahoo, Nebr., July 19). 

C. —Helminthosporium spore (10,000 feet, Pine Bluff, Wyo., July 19). 

D. —Chain of two Altemaria spores f 1,000 feet, between North Platte and Gothen¬ 
burg, Nebr., July 15). 

E. —Altemaria snore, leaf rust urediniospore, and a stem rust urediniospore (a,000 
feet, near Fort Crook, Nebr., July 22). 

F. —Helminthosoorium spore (1,500 feet, near Wahoo, Nebr,, July 19). 

G. —Urediniospore of stem rust,' two Altemaria spores, and a Cladosporium spore 
(10,500 feet, near Fort Crook, Nebr., July 22). 

H. —Cluster of rust urediniosTX)res and one Altemaria spore (4,000 feet, between 
David City and Grand Island, Nebr., July 13). 

I. —Altemaria spore and stem rust urediniospore (10,500 feet, near Fort Crook, 
Nebr.,July 22). 

J. —^Two Altemaria spores and a Cladosporium spore (10,000 feet, near Pine Bluffs, 
Wyo., July ig). 

K. —Scolecotrichum (?) spore (3,000 feet, near Wahoo, Nebr., July 16). 

L. —Fusarium spore (10,500 feet, near Fort Crook, Nebr., July 22). 

M. —Budding spores or sporidia, exact identity unknown (3,000 feet, between 
Meade and David City. Nebr., July 13). 


a Taken with the following combinations: A. K» and M, with Zeiss microscope No. 473C9* oc. and 8 mm. 
objective; B. with Lett/ microscope No. 16x08$, 7.5 oc. and 6mm. objective; remaining ngtirca with Zeiss 
microscope No. 47303.10 oc. and 8 mm. objective. 
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PLATE 2 


A. —^Types of spore traps used. 

B. —Construction of George spore trap. 

C. —View of George spore trap attached to plane. 




STUDIES ON THE LIFE HISTORY OF STRIPE RUST^ 
PUCCINIA GLUMARUM (SCHM.) ERIKSS. & HENN/ 

By Charlss W. Hungbrpokd* 

Agent, Office of Cereal Investiaations, Bureau of Plant Industry, United States Depart¬ 
ment of Agriculture, and Plant Pathologist of the Idaho Agricultural Experiment 

Station 

INTRODUCTION 

Extensive study has been made in European countries on the seasonal 
occurrence of the so-called yellow rust, caused by Puccinia glumarum 
(Schm.) Erikss. & Henn. It has been held by a few investigators in 
Europe that the disease may be transmitted from year to year by meras 
of infected grain and grass seeds. Very little research has been carried 
on to determine if this is possible. The possibility of transmission of 
this rust through infected seed has an especial significance in the United 
States, due to its limited geographic distribution. It has been found 
that stripe rust in the United States is limited in its distribution to the 
States of the Pacific Coast and Rocky Mountain regions. If the disease 
can be carried on the seed, grain shipped from the Western States into 
the Mississippi Valley might become a means of spreading the rust into 
the Spring Wheat Belt. 

It has been demonstrated by various workers that this rust can over¬ 
winter in the uredinial stage in central and northern Europe. It seemed 
important to know if this was true in the United States. Accordingly 
an investigation was undertaken, in cooperation with the Department of 
Plant Pathology of the Oregon Agricultural Experiment Station, in 1917, 
to work out the life history of this fungus under western conditions. 
The investigation was transferred, in 1920, to Moscow, Idaho, in coopera¬ 
tion with the Department of Plant Pathology of the Idaho Agricultural 
Experiment Station. The conclusions herein reported are the results of 
these investigations. 

LIFE HISTORY STUDIES 
OVERWINTERING UREDINIA 

The aecial stage of this rust is unknown. Eriksson and Henning (j) 
were unable to find an aecial host for the rust, although they carried on 
rather extensive cultural experiments. It has not been possible so far to 
work upon this phase of the problem in connection with the present 
investigations. There have been no indications noted in the field which 
would suggest that there is an aecial host for the rust in this country. 

It has l^n generally concluded by various authors in other countries 
that Puccinia glumarum is able to overwinter in the uredinial stage. 
Biffen (i)’ states; 

The uredospore stag;e seems sufficient to enable the fungus to tide itself over the 
winter, for it is possible to tod pustules of rust on the foliage of selfsown wheat or some- 


> Accepted for pubticetton Aug. ax, 1933. These investigations were carried on in cooperation with the 
Or^on Agricultuial Bacpeiiment Station and later the Idaho Agricultural Baperiment Station under the 
direction oi the Office of Cereal Invesrigatlons, United States Department of Agriculture. 

* The author wUto to thank Prof. C. B. Owens for his hearty cooperation during the progrets of this 
work, and also to acknowledge his indebtedness to Dr. H. B. Humphrey. Dr. A. G. Johnson, and Prof. H. P. 
Baras lor helpful misseationa on the research and in the preparation of the manuscript. 
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times on the ordinary autunm-sown crop even in the depths oi winter. The twisted 
leaves lying on the soil form a series of sheltered moist chambers on the inner surface 
of which the rust pustules are occasionally present in ^eat numbers. These may 
develop with great rapidity in the early spring and at times as early as March the 
whole of the plant’s foliage may be yellow with the rust. The winter’s cold does not 
appear to injure ttiese spores for they germinate readily when brought into the labo¬ 
ratory. 

Hecke (4) concludes that P. glumarum can overwinter in Austria. 
He has oteerved the disease breaking out in the spring upon the old 
spots on the leaves which had been infected in the preceding autumn. 
In about two weeks this would be followed by a second generation 
appearing on the new growth of the plants. He concludes that the con¬ 
ditions necessary for an epidemic of ydlow rust in any given year are a 
sufficient numb^ of overwintering plants carrying mycelia and meteor- 
ol^cal conditions favorable for its development in the spring. 

Eriksson and Henning (j) conclude that P. glumarum may overwinter 
as mycelium in grain seedlings, and that this method is especially signifi¬ 
cant in years when there is a continuous covering of snow on the ground 
throughout the winter. They were doubtful if this means of overwin¬ 
tering is sufficient to carry the rust over from year to year. Henning 
(5) in a recent paper has reviewed the literature upon overwintering of 
this rust in Europe. He finds that the reports from various countries 
in central and northern Europe show that this rust can overwinter, at 
least when the host plants are protected, in the shape of uredinial myce¬ 
lium. Such overwintering has been observed in Sweden by Eriksson, 
Henning, and Klebahn; in Denmark by Rostrup; in Austria by Hecke; 
in Bohemia by Baudys; in Russia by Treboux; and in Germany by 
Kirchner. 

According to the author’s observation there does not appear to be any 
doubt that the uredinial stage of stripe rust in either its urediniospore or 
mycelial condition can survive the winter in the mild climate of the 
coast region of the Pacific Northwest. When the winters are mild, 
it is possible to find fresh uredinia developing in any month from Sep¬ 
tember to July in this region. 

In the autumn of 1917 numerous varieties of wheat were sown at 
Corvallis, Oreg., in order to test them for resistance to stripe rust. A 
guard row of Chul wheat, which is very susceptible to stripe rust, was 
sown around the entire nursery in which these varieties were being 
^own. This entire border row was inoculated on November 21 and 
December 3 with urediniospores of P. glumarum. Infection spread con¬ 
tinuously ti^ughout the winter until by January 30 infection was quite 
g;eneral on all susceptible varieties of wheat adjacent to the inoculated 
plants. By March i, all the susceptible varieties were heavily infected. 

During the winter of 19x7-18 a number of pots of the dub wheat 
known as Dale (Dale Gloria), which is a susceptible variety, were grown 
in the greenhouse and inoculated with urediniospores of stripe rust until 
they were heavily infected. They were then placed out of doors in an 
exposed place for five weeks of ^e coldest weather during the winter. 
Snow fell three times during this period, and the plants, which were 6 to 
<8 inches tall, were killed down to half their length by the frost. In six 
days after they were again taken into the greeiffiouse they were covered 
with urediniospores on the portions of the leaves which had not bmi 
killed. 

Observations also show that the fungus can overwinter readily on 
various wild grass hosts. In the fall of 1917 and also in 1918, observa- 
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tion stations were established near Corvallis, Oreg., with a number of 
wild grasses which were naturally infected with stripe rust. Plants of 
Hordewn nodosum L., Bromus marginatus Nees, and Elymus glaums 
Buckl. were chosen for these observations. At no time during either 
winter was it impossible to collect viable urediniospores at any of these 
observation points. Viable urediniospores were collected upon Elymus 
glaums in 1917-18 in every month from September, 19x7, to July, 1918, 
inclusive. 

There is some evidence also which indicates that the fungus may 
overwinter in the uredinial stage in the intermountain regions, between 
the Cascade and Rocky Mountain Ranges. Willis (rr) reports that the 
rust may overwinter at Moscow, Idaho, on Hordeum jubatum. The 
author also obtained evidence from observations made in the spring of 
1920, and again in 1921, that the uredinial stage of the fungus may sur¬ 
vive the winter in northern Idaho. Plants of Hordeum jubatum and 
Bromus marginatus, which were heavily infected in the fall, developed 
fresh uredinia in both 1920 and 1921, soon after the snow melted in the 
spring. In the fall of 1921, various infected hosts in the grass nursery 
at Moscow, Idaho, and also other hosts located at various places near 
Moscow, were marked and were examined as soon as the snow melted 
in the spring. Snow covered these plants continuously from the last 
week in December until the middle of March. On April 3, 1922, severxil 
uredinial sori were found on an old leaf of a seedling of Hordeum nodosum 
growing beside a mature plant of the same species which was heavily 
infected in the fall. None of these sori had broken through the epidermis 
of the leaf. The spores were perfectly normal although immature. The 
appearance of the leaf seemed to indicate that infection had taken place 
in the fall and after remaining dormant through the winter had started 
to develop thus early in the spring. By April 15 a number of seedlings 
of this grass were found infected and producing urediniospores in abund¬ 
ance. 

OV8RSUMMBRING URBDINIA 

Observations made during the last five years indicate that along the 
Pacific coast of Washington and Oregon it is much more difiScult for the 
rust to survive the dry summer months of July and August than to pass 
through the winter. The summers of 1917 and 1918 were exceedingly 
dry in the Willamette Valley of Oregon where observations were made 
during those two years. In 19x7 there was no rainfall from June 8 until 
September xo, and in X9x8 from June 5 until September X2. Needless 
to say, practically all of the wild grasses were completely dried up and 
very littie rust infection of any kind was to be found by September. 

Observations were made at Corvallis, Oreg., throughout the summer of 
X917 upon Elymus glaums, Bromus marginatus, and Hordeum nodosum, 
all of which hosts were heavily infected with stripe rust during the month 
of May, The Elymus glaums plants were located on the banks of a small 
creek near the college farm, Urediniospores were produced in abund¬ 
ance upon these plants during May and the first half of June. Infection 
became gradually less until about July 20, after which no new ure¬ 
diniospores were produced until after the fall rains began. During this 
period, from July 20 to September 8, the Elymus glaums plants made 
very little new growth, but a few leaves retained their green color. The 
old lesions or stripes showed plainly upon these half-dried leaves, but 
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no new spores were produced thereon. Soon after the fall rains began, 
however, uredinia began to ^pear at the ends of the old stripes where 
the mycelium had survived. The rust developed and spread rapidly 
until by October 15 an abundance of uredinial infection could be found 
upon the plants of this species in this locality. This same method of 
surviving the dry summer months was noted in the same place during 
the summer of 1918 (PI. I), and upon Hordeum nodosum, Bromus mar- 
ginaius, Elymus glaucus, Elymus canadensis L., and Hordeum jubaium in 
the rust nursery. 

Waterhouse (ro) has reported that in the hot dpr summers of certain 
parts of Australia, Puccinia triticina Erikss. survives the dry period on 
volunteer wheat. 

It seems evident, then, that one of the determining factors for an 
epidemic of stripe rust in any given year must be the weather conditiras 
during the summer and fall of the previous year. If the precipitation 
during these months is insufficient to keep the grass hosts of P. glumarum 
and volunteer wheat more or less green in order to tide the fungus over 
this rather critical period, very little infection material will be present 
to start an epidemic upon winter wheat. It seems to the writer that the 
months from July to November in each year may well be considered the 
critical period for the fungus in regions where the winters are more or 
less mild. The meteorological conditions in the spring would need to 
be such as to favor the spread of the fungus which had survived the 
winter months. However, if fall-sown wheat becomes well infected 
in the fall, the early spring conditions are usually more or less favorable 
for subsequent spread. This, of course, would apply only to winter 
wheat. The weather conditions in the spring would undoubtedly be 
the determining factor in the infection of spring wheat. 

RESISTANCE OR UREDINIOSPORES TO DRYING 

It has been shown above that uredinial mycelium of stripe rust may 
survive the dry summer months in the tissues of the host. It seemed also 
onportant to learn the length of time in which urediniospores might 
remain viable under various conditions. Eriksson and Henning (j) 
found that the urediniospores of this rust were difficult to germinate 
unless they had been chilled to the freezing point or lower. The writer 
has had no difficulty in securing good germination of fresh urediniospores 
at any time. A number of trials were made to ascertain how long 
urediniospores would remain viable when kept at room temperature in 
herbarium packets. Table 1 gives the results of several of these trials. 

TablS I .—Perctntagt of imiial and final gsrmination cf urtdiniospores of ttripg rust, 
collected from different hosts, kept in paper packets at room temperature 


Host 

Date ootlected. 

Initial 

gennina- 

tion. 

Date of final count 

Final 

germina¬ 

tion. 

Total 

storage. 

Wheat. 

Dec. t, 1917 

Pif emu 
80 

Tan. 13,1918 

Per emu 

Z 

Days* 

43 

Do. 

Nov. 37,1917 

$0 

95 

T^. 19,1918 

Trace. 

S6 

Aqropyron dasysiachyum, 
Blymus condensatus . 

Aug. 98,1916 

Oct. 34 , 1916 

I 

S8 

Sept, s, 1916 



Trace. 

49 
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An experiment also was conducted to compare the relative resistance 
to desiccation of urediniospores of several rusts. Puccinia graminis 
avenae Brikss. & Henn. on oats, Puccinia triticina Erikss. on wheat, 
Puccinia holcini Erikss. on Holcus lancrim L. and Puccinia glumarum 
tritici Erikss. and Henn. on wheat, were chosen. Leaves of the several 
hosts, heavily infected with the uredinial stage of the rusts, were collected 
and several portions of the infected leaves were placed in each of a num¬ 
ber of small glass vials which were then corked. Other infected leaves 
of each host were placed in three series of small paper herbarium packets. 

The three series of specimens in the paper packets were exposed to 
different sets of conditions. The first series was placed on a shelf in the 
open laboratory: the second, out of doors on a window ledge on the north 
side of the laboratory, and the third on a shelf in a culture room. The 
temperature and moisture conditions in this culture room were a little 
more constant, and both temperature and relative humidity were a 
little higher, than in the open laboratory. 

The glass vials containing infected leaves were divided into four groups. 
The first was placed on a shelf in the open laboratory, the second out of 
doors on a window ledge, the third in the culture room mentioned above, 
and the fourth in a small desiccator, the bottom of which was filled with 
water. This desiccator was kept in the culture room with the other 
collections. The vials in the desiccator were not corked. Table II gives 
the results of both these experiments. 

Tabus II .—Resistance of urediniospores of various rusts to desiccation when stored in 
paper packets and in glass vials, under different sets of conditions 


Kind of nist. 

Where exposed. 

How kept. 

Date 

collected. 

Date of final 
count. 

Final 

germina* 

tion. 

Storage 

period 

Pucemta graminis 

laboratory. 

Packets... 

Nov. X3,1918 

Feb, 4, rgig 

Per cent. 
0 

Days. 

8a 

avenae. 







Do. 

Window ledge. 

.. do....... 



xa 

8a 

Do. 

Culture room.. .. 

.. .do. 

.... do. 

.do. 

0 

8a 

Do. 

Laboratory. 

Vials. 


.... do. 

0 

8a 

Do. 

Window ledge. 

,. .do. 

.... do . 

.do. 

Trace. 

8a 

Do . 

Culture room. 



.do. 

0 

83 

Do. 

Desiccator. 

.. .do. 



0 

8a 

Puctmta glumarum 
iriltcu 


Packets... 

.do. 

.do. 

lo 

8a 






Do. 

Window ledge.... 
Culture room. 

.. .do. 


.... do. 

^ 0 

8a 

Do. 

.. .do. 

.... do. 

.... do. 

^ 0 

8a 

Do 

T,.aborfl.tory. 

Vials. 

.do. 


* 0 

8a 

Do . .. 

W^indow ledge .... 

...do...... 

.do. 


* 0 

8a 

Do 

Culture room. 

...do. 

.do. 

.do. 

^ 0 

8a 

Do . 

Desiccator.... 

...do..... 

Dec. 3,1918 
Nov. 14,1918 


Trace. 

63 

8x 

Pucrtnia Irtltctna.... 
Do . 

T,a.boratory. 

Packets... 

.do. 

0 

Window l^ge.... 
Culture room. 

.. .do. 


5 

81 

Do 1 

., .do. 

.... do. 


0 

81 

Do.! 

I,.aboratory. 

Vials. 

.do. 

.do. 

3 

8 x 

Do . 

Window ledge. 

.. .do. 


_do. 

0 

81 

Do. 

Culture room. 

.. .do.i.... 

.do. 

.do. 

0 

8 x 

Do 

Desiccator. 

,. do. 

.do. 


0 

8 x 


Laboratory 

Packets... 


.... do. 

3 

8 x 

Do . . . .' 

Window ledge..... 

.. .do. 



5 

Bx 

Do, 

Culture room. 

Laboratory. 

,.,do. 


.do. 

Trace. 

8 x 

Do. 

Vials. 

.do. 

.. ..do. 

Trace. 

8 x 

Do 

Window ledge. 

.do. 

.do. 


Trace. 

8 x 

Do . - 1 

Culture room. 

...do. 

.....do. 

.do. 

Trace. 

8x 








‘ Trace of serminatioa in ae days 

On January 8, 1919, urediniospores of P. glumarum tritici were taken 
from wheat leaves and plac^ on open slides and left under a bell jar in 
a culture room in the laboratory. The bell jar was raised slightly in 
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order to allow circulation of air. The spores were tested at the beginning 
and at intervals until no germination occurred. The germination at the 
begiiming was found to be 76 per cent, at the end of 3 days it was 65 per 
cent, in 5 days 50 per cent, in 10 days 35 per cent, in 13 days 15 per 
cent, in 16 days 10 per cent, in 20 days i per cent, in 23 days only a trace^ 
while in 25 days no more germination could be secured. 

No extensive work has been done to ascertain how long urediniospores 
of P. glumarum tritici will remain viable in the field during the winter 
months. It is possible, as indicated above, to find viable urediniospores 
at almost any time during an open winter on the Pacific slope. It has 
not yet been possible, however, to learn if this is the case in the inter¬ 
mountain regions, where the winters are much more severe. Mr. A. F. 
Thiel states in a personal letter that he found, in connection with his 
studies of overwintering of stem rust in Montana, that urediniospores of 
P. glumarum were less resistant to the weather conditions than those of 
P. graminis tritici, P. gramtnis avenae, P. graminis phleipratensis or P» 
triticina. 

TIME OF NATOR.\L INFECTION 

Stripe rust is very commonly found upon young seedlings and much 
has been made of this fact by the advocates of the theory of seed trans¬ 
mission of the disease. Experiments were arranged during the winter of 
1917-18 to ascertain how early in its development a seedling might 
become infected. Seedling plants of Chul wheat were inoculated at 
various stages in their development, beginning as soon as the plumule 
emerged and continuing with different plants at intervals until the first 
leaf was fully expanded. No infection was secured in any case where the 
inoculation was made before the primary leaf had begun to expand. 
Twenty seedlings grown from seeds germinated in Petri dishes lined with 
filter paper were used in each case. When the primary leaf was well 
expanded, these were transferred to soil in pots. 

The details of the experiment are as follows: 

No. I. —^Urediniospores placed upon the plumule just as it began 
to appear. No infection resulted. 

No. 2.—When the plumule was one-half inch long, no infection 
resulted. 

No. 3.—When the plumule was i inch long, no infection. 

No. 4.—When the primary leaf was just beginning to unfold from 
the sheath, but not well opened, 10 per cent infection. 

No. 5.—When the primary leaf was well opened, 100 per cent 
infection. 

Abundant infection has been noted upon the primary leaf of seedlings 
of Bromus marginaius, Hordeum nodosum, H. murirmm, H. jubatum and 
Sitanion jubatum which came up in the rust nursery at Corvallis, Oreg., 
around old infected plants of the same species. (PI. II, A.) 

Uredinia appeared upon young seedlings of Chul wheat 21 days after 
it was sown on June 10, 1917, alongside of some winter wheat which was 
heavily infected with stripe rust (PI. II, B.) Some of the same lot of 
seed was sown some distance from any known infection. No stripe 
rust appeared on the plants from this se^ until two weeks after it had 
apjpeared upon the seedlings mentioned above. This indicates that 
infection may occur under field conditions as soon as the primary leaf 
unfolds. It is very evident from observations made during the ^^ter 
and early spring, that seedlings infected in the autumn may be a very 
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common means of carrying the rust over winter, at least on the Pacific 
Coast. 

PERIOD OP INCUBATION 

The length of the incubation period of the uredinial stage of various 
rusts does not appear to be the same. Parker (<?) found that the incuba¬ 
tion period of Puccinia graminis avenae Erikss. and Henn. and of Puccinia 
lolii avenae McAlpine, on oats, was about the same. He states, however, 
that generally, though not always, the uredinia of the stem rust appeared 
first. He took notes on the appearance of fiecks on the seventh to the 
ninth day, and notes on the formation of uredinia in 12 days. He calls 
attention to the effect of temperature and light upon uredinia formation. 
Low temperatures were found to lengthen the period. Durrell and 
Parker (s) state that the incubation period for crown rust upon seedlings 
of a susceptible variety of oats averaged 7.8 daj^s. On older plants of the 
same variety the incubation period averaged 9.5 days. Biffen (r) found 
that the incubation period of uredinia of P. glumarutn on wheat was about 
10 days. Marryat (7) states that pale yellow areas appear 6 days after 
inoculation of susceptible varieties of wheat with urediniospores of P. 
glumarutn. Pustules begin to appear on the eleventh and are all open 
by the thirteenth day. 

The author’s observations in the greenhouse in coimection with 
inoculation with urediniospores of P. glumarum tritici on wheat indicate 
that with optimum conditions for infection, namely, a susceptible host, 
fairly high temperature after the first 48 hoiurs, good light, and vigorously 
growing seedling plants, infection begins to appear on the eighth or 
ninth day and is evidenced by lighter-colored areas on the inoculated 
portions of the leaves. Spores appear in abundance on the twelfth or 
thirteenth day. As observed by Parker ( 5 ), low temperature and lack 
of sunlight may materially lengthen this period. It was observed in 
1918 in connection with inoculations which were made in the field at 
Corvallis, Oreg., late in the fall and early winter, that the incubation 
period at that time of year might be as long as 30 days. It seems possible 
that uredinial hyphae, after penetrating the host and becoming estab¬ 
lished, may lie dormant for a much longer time under conditions unfavor¬ 
able to the development of the host and then again continue growth 
and the production of spores when growth of the host is resumed. 

HEAD AND KERNED INFECTION 

A number of writers have called attention to the fact that both, 
uredinial and telial infection of a number of rusts may be found upon 
the caryopses of various grains and grasses. ■ The author (d) has sum¬ 
marized the literature regarding the occurrence of this phenomena 
and has called attention to the fact that kernels of wheat infected with 
P. graminis tritici are rather commonly found in wheat from badly 
rusted plants, l^e percentage of rusted kernels was not large, however,, 
in any sample examined. 

The development of both uredinia and tdia of P. glumarum tritici 
upon all parts of the head and kernel of certain varieties of wheat has. 
b^ found to be very common during severe rust epidemics. In many 
cases of severe infection it is impossible to find a place on the entire 
plant from the surface of the ground to the tips of the awns that is not 


<614 Journal of Agricultural Research v«l xxtv, Na ? 


covered vdth rust son. Head infection, which usually indicates that 
the kernels are more or less infected, is common only in certain varieties 
of wheat. Chul (C. I. No. 2406), Dale (Dale Gloria, C. I. No. 4231), 
Talimka (C. I. No. 2495), Baart (Early Baart, C. I. No. 1697), Little 
Club (C. I. No. 4219), Jones Fife (C. I. No. 3452), and a number of 
others, are very commonly infected in the head even when the rest of 
the plant may not be heavily infected. Many times, the inside (rf the 
glumes and the kernels of plants of the above-named varieties may be 
heavily infected vdthout the development of open sori on the outer 
surface of the glumes. Except in cases of very severe infection, only a 
few of the spikelets on each head are infected. 

If infection develops on the heads soon after they emerge from the 
boot, sterility of a large number of spikelets may result. (PI. Ill, A.) 
The kernels which develop in such heads usually are very badly shriveled. 
(PI. Ill, B, and PI. IV, A.) It is easily possible to pick out infected 
heads even though there be no open sori on the surface of the glumes 
and awns. Such heads are much lighter in color, being a yellowish 
green, while the rest of the plant is a normal green. Plate IV, A, 
shows a number of detached glumes from heads of Chul wheat collected 
^at threshing time. The inside of these glumes shows an abundance of 
stripe-rust telia. 

Kernel infection by stripe rust is much more common in certain 
varieties of wheat than the author (6) found to be the case in wheat 
infected with stem rust. As high as 60 per cent of the kernels of certain 
varieties were found to be infected when grown in a rust nursery at 
Corvallis, Oreg., where a heavy infection of stripe rust was secured by 
artificial inoculation. Over 35 per cent of infected kernels were found 
in several samples of wheat grown under field conditions. It seems to 
the author that the amoimt of head infection, and consequently the 
amount of kernel infection, depends largely upon the climatic conditions 
at heading time, as well as upon the variety of wheat. 

EFFECT OF KERNEL INFECTION UPON GERMINATION 

The author has reported (6) that kernel infection by P. graminis 
tritici does not affect the germinating power of wheat to any appreciable 
extent. This has not been found true of wheat kernels infected with 
P. glumarum tritici. Numerous germination tests were made with several 
varieties of wheat which were badly infected with this rust. Parallel 
series of. unrusted kernels from the same samples of seed also were 
germinated at the same time. The germination of the rusted seed 
averaged about 50 per cent of that of the unrusted seed. In some 
cases the germination was less than 25 per cent of that of the unrusted 
seed. By reference to Plate IV, B, it will be noted that infected 
kernels are very much shrunken. In many cases a cross section of an 
infected kernel revealed dozens of sori under the pericarp over prac¬ 
tically the entire surface of the kernel.-< In the case of wheat kernels 
infected with P. graminis tritici the sori usually were confined to the 
hilar region and were present only in limited numbers. 
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SEED TRANSMISSION OF STRIPE-RUST INFECTION 
HISTORICAL DISCUSSION 

The author (tf) has reviewed the principal literature upon the subject 
of rust transmission by seed grain and discussed the three theories put 
forth by various writers to explain the means by which such transmission 
may take place. These are the mycoplasm theory, the dormant my¬ 
celium theory, and the seed-bome-spore theory. The results of experi¬ 
ments. carried on by various workers along this line have also been 
tabulated in the author’s previous work (6) on this question. This 
review will not be repeated here. In this paper carefully controlled 
field and greenhouse experiments with wheat infected with P. graminis 
tritid were also conducted. The results of these studies led to the con¬ 
clusion that stem rust is not transmitted from one wheat crop to the 
next by means of infected seed grain. Waterhouse (9), more recently, 
has carried on similar experiments with wheat kernels infected with stem 
rust which also gave negative results. 

Certain European investigators have secured positive results in experi¬ 
ments carried on to determine if P. glumarum can be carried from year 
to year on seed grain. Because of the economic importance of this phasi 
of the question in the United States in connection with the spread of the 
rust to regions where it is now unknown, experiments were undertaken 
with stripe rust both in the field and under carefully controlled greenhouse 
conditions. 

EXPERIMENTAL DATA 

A number of field observations have been made which at first seem 
to indicate very strongly that P. glumarum may be transmitted by means 
of seed. In the stunmer of 1917, among the increase plots of the Farm 
Crops Department at the Oregon Agricultural College, a plot of Jones 
(Winter) Fife was found to be heavily infected with stripe rust while 
none of the plots around it was infected to any extent. It was learned 
upon inquiry that the seed from which this plot was sown came from 
McMinnville, Oreg., and it was also learned that seed from the same lot 
sown at McMinnville produced plants that were not rusted. Upon 
close examination in the vicinity of the infected plots, numerous volunteer 
plants of Chul wheat were found which were heavily rusted. A plot 
of Chul wheat which was grown near this field the year before was 
known to have been infected with stripe rust. It seemed reasonable to 
suppose that the rust wintered over on these volunteer plants and in¬ 
fected the Jones Fife. No other very susceptible varieties were grown 
near this section of the field. 

Another case in point which is not so easily explained was noted by 
Dr. A. G. Johnson, of the Office of Cereal Investigations, United States 
Department of Agriculture. Doctor Johnson found stripe rust on 
barley varieties in the nursery on the Belle Fourche Experiment Farm, 
at Newell, S. Dak., in August, 1917. These barleys were quite uni¬ 
formly itiected, and no other stripe rust was noted at Newell. The 
writer visited Newell in 1918, but was able to locate no stripe rust on or 
near the experiment station grounds. Some of the same seed from 
which these infected varieties had been grown was seemed from Mr. 
John H. Martin, then of the Belle Fourche Farm, and sown in Septem¬ 
ber, 1918. The plants from this seed were grown in the greenhouse at 
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C<H^allis, Oreg., until they were headed but no rust appeared upon them. 
No rust infection could be found on this seed. Neither has the author 
been able at any time to locate any barley seed infected with P. 
glumarum. The work which is herein reported and the conclusions 
drawn relate to wheat only. 

The investigations were along two lines; (i) Greenhouse expmments 
in which large numbers of rusted wheat kernels were sown under isolated 
conditions and the resulting plants watched for infection; (2) field experi¬ 
ments in which rusted wheat kernels were sown in the field and the 
resulting plants kept under observation to learn if infection occurred 
upon them sooner than upon plants grown from clean seed. 

nS(,D BXPBRIMBKTS 

Rusted wheat seed has been sown for two years in comparison with 
clean seed and the resulting plants studied every few days for stripe- 
rust infection. The details and results of these experiments are given 
in tabular form, for each year separately. 

In the autumn of 1917, rusted seed and chaff from rusted heads of 
several varieties of wheat were saved and sown in an isolated place on 
*the college farm, near Corvallis, Oreg. The details of the experiment 
and the results secured are given in Table III. 

These plots were examined carefully at frequent intervals in the fall 
and no stripe rust could be found on any of them at any time. In the 
spring the rust was slow to develop and did not spread rapidly, due to 
the extremely dry weather. 

In 1919, a similar experiment was conducted under the same condi¬ 
tions. The details of the experiment and the results secured are given 
in Table IV. 

As an additional precaution in securing seed which was known to be 
as free as possible from rust infection, all dean seed used was i year old. 

The infection which appeared in the fall may have originated from 
some infected Elymus glaucus plants which were later found not far 
from these plots. 

Tabls III .—Development ef rust on plants grown in the field at Corvallis, Oreg., in igii, 
from rusted and unrusted seed sown on Oct. 10, igif 


Na 

Variety. 

Condition of loed. 

Number 
of rod 
rowi. 

Date rust first 
appealed. 

I 

Chul. 

Badly rusted seed and . 

38 

Tune 25,1918 
June 20,1918 
Do. 

a 

.do. 

Portions of infected heads. 

i 

1 

.do. 

Treated with modified hot-water 
treatment. 

0 


4 

Talimka. 

Clean seed. 

2 

Tune 22,1918 
Tune 25,1918 
Tune 15,1918 
Mav tx. X018 

1 

Ticrharia. 

Rusted kernels and chaff. 

9 


Rusted kernels. 

nf 

9 

7 


.do. 

0 

2 

8 

IMmmmI 

Clean seed.. 

e 

June 10,19x8 
Do. 

9 

.do. 

5 




























May 19, >9*3 


Lije History of Stripe Rust 


617 


Tabi,S IV .—Development of rust on plants grown in the field at Corvallis, Oreg., in igiQ, 
from rusted and unrusted seed sown on Oct. 20, igi8 


Na 

Variety. 

Condition d seed 

Number 
of rod 
rows. 

First rust appeared* 

1 

I^alcp C.liih. 

Slight infection. 

lo 

None until spring. 

2 

Chul.. 

Heavy infection. 

lO 

Do. 

3 

Dale (Dale Gloria).. 

Clean" seed. 

10 

Do. 

A 

Baart (Early Baart). 

.do... 

lO 

Do. 

C 

Talimka. 

.do. 

lO 

Do. 

D 

6 

Dale. 

Medium infection.1 

lO 

Do. 

7 

Federation. 

Clean seed. 

lO 

Do. 

/ 

8 

Chul. 

Heavy infection. 

10 

Tan. 20, iQio- 

0 

Baart. 

Slight infection. 

lO 

Dec. 15, 1918, 

y 

zo 

Hansia Brooch. 

Heavy infection. 

lO 

Feb. II, 1919. 

II 

Popatia Nadiad.. 


lO 

None until spring. 


grbbnbousb bxpbrimbnts 

In addition to the field experiments given above, ^eenhouse experi¬ 
ments have been carried on under controlled conditions. In order to 
grow a large number of wheat plants from seed infected with stripe rust, 
a portion of one of the greenhouses at the Oregon Agricultural College 
was equipped in the following manner: A partition was built to isolate 
completely one corner of the greenhouse; double doors were arranged in 
such a manner that anyone entering the isolated room could pass into 
a vestibule and close the first door before the second one was opened; 
the vestibule between the two doors always was sprayed with water 
before entering. A system of forced circulation of washed air was 
installed, as shown in figure i. 

The author (6) has reported upon this same system of air washing as 
it was used in connection with similar studies with'wheat kernels infected 
with P. graminis tritici. Every precaution was taken to guard against 
any possible infection from outside. The room was made tight by using 
roofing cement to seal all cracks and openings in the sides and roof. 

The first experiment was started on December 24, 1918. The seed 
used was for the most part from varieties grown in the rust nursery at 
Corvallis. It consisted of hand-picked kernels, all of which showed 
unmistakable evidence of stripe-rust infection. The varieties used were 
Hansia Brooch (C. I. No. 4690), Popatia Nadiad (C. I. No. 4696), Talimka 
(C. I. No. 2495), Baart (C. I. No. 1697), tmd Chul (C. I. No. 2406). In 
this, as in all other experiments of this series, temperature and humidity 
records were kept and it was found possible to maintain the temperature 
and relative htUnidity within the normal limits of plant growth. Flats 
filled with about 5 inches of sandy-loam soil were used for growing the 
plants. In all, 1,465 wheat plants were grown to maturity in ^is ex¬ 
periment, and no rust appeared on any of these plants at any time. 

The second experiment was started on November 20, 1919. Wheat 
kernels were picked in the same manner as for the first experiment and 
the same methods were followed. Chul wheat (C. I. No. 2406) was used 
for the entire lot of plants in this experiment. The total number of 
plants grown was 2,470. No rust appeared at any time on any of the 
plants grown from this rust-infected seed and the experiment was 
discontinued when the wheat was mature. 






























6i8 


Journal of Agricultural Research 


Vd. XXIV, Na 1 


In addition to the two experiments outlined above, 786 plants were 
grown from rusted seed in one of the rooms in the greenhouse without 
any special attempt to isolate the room to keep outside infection from 
the plants. These were grown to maturity during the winter months 
without the development of rust on any of them. 



Fio. I. —piasrani of air-washing apparatus for isolated room used for growing rust-infected seed: («) Hose 
connection; {h) spray nozzle; (c) galvanized iron cylinder; (d) greenhouse gutter into which water 
from spray drained; (e) connection pipe from sprayer to blower; (/) electric blower; (a) floor of green¬ 
house; (h) mouth d blower where air entered the room; (i) air inUke; (k) greenhouse wall; (/) green¬ 
house roof. 

A number of writers have suggested the possibility of rust infection 
taking place from urediniospores on the surface of the seed or in the 
soil. To test this possibility, several flats were sown with wheat seed 
that had been covered with viable urediniospores of P. glumarum iritid. 
Chul wheat (C. I. No. 2406) was used f<w this experiment. About 300 
plants were grown to maturity from seed thus treated. No rust infection 
appeared upon any of them at any time. 
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SUMMARY 

(1) Observations show that stripe rust, caused by Puccinia glutnarutn 
(Schm.) Erikss. and Henn., may overwinter on the Pacific coast, both as 
mycelium and as urediniospores, on wheat and wild grasses. It was 
possible to collect viable urediniospores during every month from Sep¬ 
tember, 1917, to July, 1918, at Corvallis, Oreg. 

(2) Although the experiments which have been carried on are not 
absolutely conclusive, there is good evidence that the mycelium of stripe 
rust may overwinter at Moscow, Idaho, on Hordeum jubaium and Bromus 
marginatus. 

(3) It has been found that the mycelium of stripe rust passes the dry 
summer months on the Pacific coast as dormant mycelium in the leaves 
of wild grasses. It is suggested that the climatic conditions which may 
prevail during the summer and fall of a given year determine whether or 
not an epidemic of stripe rust may develop upon winter wheat. The 
quantity of oversummering uredinia would be an important consideration 
in producing an epidemic on fall-sown wheat. 

(4) Germination tests with urediniospores of stripe rust show that when 
the leaves of the infected host are kept in herbarium packets at ordinary 
room temperature the spores may remain viable at least 58 days. Ure¬ 
diniospores on leaves of wheat kept in open vials in a desiccator gave a 
slight percentage of germination at the end of 63 days. Urediniospores 
taken from wheat leaves, placed on glass slides and kept in a protected 
place in the laboratory, gave a trace of germination in 23 days. 

(5) Urediniospores of P. glumamm tritici did not prove to be so resistant 
to desiccation as urediniospores of P. graminis avert ac, P. triticina, or 
P. holcini. 

(6) It has been shown that infection by urediniospores of stripe rust 
can not take place before the primary leaf of the wheat seedling has 
begun to expand. 

(7) The period of incubation for the uredinial stage of stripe rust has 
been found to be 12 to 13 days under conditions favorable for infection. 
Low temperature and lack of sunlight may materially lengthen this period. 

(8) The uredinia and telia of stripe rust occur commonly upon kernels 
of certain varieties of wheat. As high as 60 per cent of the kernels of 
certain varieties grown in a rust nursery were infected. Over 35 per 
cent of infected kernels have been found in wheat grovni under ordinary 
field conditions. 

(9) The germination of seed infected with stripe rust was only 50 per 
cent of tliat of the uninfected seed from the same seed lots. 

(10) Forty rows, each i rod long, of rust-infected seed of several varie¬ 
ties of wheat were sown on October 10, 1917. No stripe rust developed 
on the plants from this seed liefore the next spring. Plants from clean 
seed sown at the same time became infected the next spring at about the 
same date as the plants from the infected seed. 

(11) More than 4,700 plants were grown from rust-infected wheat seed 
in a specially constructed room in the pathological greenhouse at the 
Oregon Agricultural College, and no rust appeared upon any of them at 
any time. 

(12) No infection appeared upon plants grown from wheat seed which 
had been covered with viable urediniospores of stripe rust before sowing. 

(13) The results of the experiments here reported indicated that stripe 
rust can easily overwinter in the uredinial stage on the Pacific coast and 
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in the intermountain regions of the West. They further indicate that 
P. glumarum tritici is not transmitted from one wheat crop to the next 
by means of infected seed wheat 
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PLATE I 


Leaves of Elvmus glaucus infected with Puccinia glumarum. These leaves were 
collected on September ao. Note tclia on tlie stripes. A few uredinia are beginning 
to break through at x. This illustrates the method of oversummering on the host in 
the Pacific Coast region. 
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PLATE 2 

A. —Uredinia of stripe rust on seedlings of Hordeum nodosum. These plants became 
infected from older plants around which they were growing. 

B. —Uredinia of stripe rust on seedlings of wheat which grew near older plants which 
were heavily infected. Seed from the same lot sown some distance from any infected 
plants produced seedlings free from the disease. 



PI.ATE 3 

A. —Two heads of Chul wheat ctowii in the greenhouse. The one on the right was 
inoculated with urediniospores of P. glumarum iriticu The one on the left was not 
inoculated. Infection just as severe has been noted to occur under natural conditions 
in the field. 

B. —More or less shrunken kernels of Dale (Dale Gloria) club wheat showing both 
telia and uredinia of P. glumarum iriiici (much enlarged). 
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PLATE 4 

A. —Telia and nredinia of P. glumarum iriiici on glumes of Chul wheat. This chaff 
was secured from straw after threshing. (Enlarged.) 

B. —Two lots of Chul wheat. Those at the right are infected with stripe rust. Those 
at the left are healthy kernels from the same sample. (Enlarged.) 




INFLUENCE OF SOME NITROGENOUS FERTILIZERS ON 
THE DEVELOPMENT OF CHLOROSIS IN RICE * 

By h. G. Witus, Ckemisl, and J. O. Carrbro, Assutant Chemist, Porto Rico Agri¬ 
cultural Experiment Station 

DEFICIENCY OF IRON AS A CAUSE OF CHLOROSIS 

The chlorosis affecting certain species of green plants when they are 
grown on calcareous soils has been extensively studied by Gile (d)* and Gile 
and Carrero (9), who carried on the greater part of their experimental work 
with rice and with pineapples. They offered strong evidence to support 
their opinion that such chlorosis is caused primarily by the precipitation 
of iron in the soil by calcium carbonate and the consequent inability of 
the plant to obtain a sufficient supply of iron for the development of 
chlorophyll. 

Maz^, Ruot, and Lemoigne (rd) have recorded that in some of their 
cultures even the small quantity of 0.2 per cent of calcium carbonate 
was sufficient to render certain species of plants chlorotic by depriving 
them of enough iron for the formation of chlorophyll. 

FACTORS GOVERNING THE AVAILABILITY OF IRON 
REACTION OP THE culture MEDIUM 

Gile and Carrero { 8 ) further showed that in some solution cultures of 
neutral or alkaline reaction rice became chlorotic, and that such condi¬ 
tion was attributable to precipitation of iron as phosphate and hydroxid. 
In their more acid solution, which had a reaction equivalent to a Ph 
of 3.1, these investigators noted an apparently higher degree of avail¬ 
ability of all forms of iron used. In all these solutions nitrogen was 
supplied in the form of nitrates. 

Working more recently with wheat in sand culture with nitrogen fur¬ 
nished in the form of calcium nitrate, McCall and Haag { 18 ) have shown 
that solutions having Ph values ranging from 4.02 to 7.00 produced chlo¬ 
rotic plants, the color of which was not restored by the addition of ferric 
nitrate to the culture. The addition of very small quantities of sul¬ 
phuric acid, however, resulted in marked improvement in the color of 
the plants, which became normal green at harvest time. These investi¬ 
gators were of the opinion that the indirect evidence supported the 
assumption that chlorosis in their less acid cultures was due to lack of 
available iron or to faulty metabolism resulting from immobility of iron 
in the plant. 

soluble phosphates 

Factors in addition to the reaction of the culture medium are kno\vn 
to influence the development of chlorosis. Crone ( 2 ) advanced the 
hypothesis that soluble phosphates in solution cultures caused chlorosis 
of plants. Takeuchi ( 23 ), on the other hand, using wheat as a culture 
plant, showed that the chlorosis observed by Crone was probably due to 
the precipitation of iron as a phosphate in the culture medium. Later, 
Sidorine { 22 ), working with com, offered evidence to show that chlorosis. 
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due to lack of assimilable iron for the plant, may be induced either by 
an excess alkalinity or by the presence of large quantities of soluble 
phosphates in the nutrient. It is no,t improbable, however, that chlorosis 
that is due to precipitation of iron as phosphate could be obviated by 
proper adjustment of the reaction of the medium, though the degree of 
acidity necessary to accomplish this would be greater than it would be 
were the iron precipitated as hyroxid. 

EXCRETION OP SOLVENTS PROM PLANT ROOTS 

The reaction of the mass of a medium is not, however, necessarily the 
critical condition governing the availability of iron. Maz^, Ruot, and 
Lemoigne (j< 5 ) attributed the resistance to chlorosis of some of their 
culture plants that were grown in alkaline media to the ability of the 
plants to excrete organic acids from their roots. These acids formed 
complex molecular compounds of iron that were soluble in the presence 
of calcium carbonate, and thus made available sufficient iron for the 
needs of the plant. 

The solvent action of root excretion on insoluble matter which was in 
contact with roots was recognized by Takeuchi { 23 ), who recommended 
the agitation of the precipitate in solution cultures to prevent chlorosis 
resulting from lack of iron. Maz 4 (75), too, stated that a marked in¬ 
fluence was exerted on the plants in his solution when the roots reached 
the bottoms of the flasks or when the solutions were agitated and the 
precipitate settled on the plant roots. These observations indicate, as 
one significant difference between the reactions of plants grown in solu¬ 
tion cultures and of those grown in soils, that, in the first instance, con¬ 
tact between the insoluble nutrients is not maintained and the solvent 
action of the root excretions is dissipated, and that, in the second in¬ 
stance, the influence of such material, being localized, exerts its maximum 
effect. 

The excretion from plant roots of organic acids other than carbonic 
acid has, however, never been satisfactorily demonstrated. The results 
obtained by Kossowitsch { 14 ) show that the elimination of carbon dioxid 
is apparenriy a normal function of the roots of many, if not of all, species 
of plants. It does not, therefore, seem probable that the variation in 
the susceptibility to chlorosis of different species of plants can be due 
under normal conditions to the excretion of a specific solvent. 

It may be that variations in the quantities of carbon dioxid which are 
evolved from the roots of plants of different species determine the sus¬ 
ceptibility of each plant to chlorosis when the plant is grown in less acid 
media; and as the source of this compound must be t^e carbon that is 
^similated through the agency of dilorophyll, the activity of which 
in turn is dependent upon an adequate supply of iron, it is possible that 
in chlorotic plants the intensity of chlorosis depends, to a large extent, 
upon the balance ^sting between the potency of the agencies depressing 
the solubility of iron in the soil and the solvent power of the carbon 
dioxid that is eliminated from the roots. 

EPFECT OP UNASSIMILATED RESIDUES OP PERTILIZER SALTS 

It was shown by Kossowitsch (r j) and by Maz 4 (75) that there might 
be a modification of the reaction of a culture as a result of plant growth 
and that, when ammonium sulphate was used as the source of nitrogen, 
the utilization of the basic radicle resulted in the release of the acidic 
radide which, rejected by the plant at its roots, tended to produce an 
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acid condition of the medium. Similarly, when nitrates were used, the 
reaction of the medium was changed but in the opposite direction. 

The effect of these residues on the insoluble nutrients in the soil had been 
demonstrated by Shulov {21), who found that when sulphate of ammonia 
was used as a source of nitrogen the insoluble phosphates in the soil were 
rendered more available to plants than when nitrogen was supplied as 
sodium nitrate. 

Maz^, Ruot, and Lemoi^e (77), too, suggested that the chlorosis, 
which developed in com with which they experimented, was caused by 
the precipitation of iron by calcium carbonate that was liberated in the 
culture solution when the plant assimilated the acidic radicle of a calcium 
salt. 

More recently, Jones and Shive (lo) have shown that, in solution 
cultures of wheat plants, the availability of ferric phosphate, as indicated 
by the susceptibility of the plants to chlorosis, was governed by the degree 
of acidity of the medium which increased or decreased as a result of plant 
growth according to whether ammonium sulphate or calcium nitrate 
was used as a source of nitrogen. 

It is probably true that in a solution culture in which there is no dose 
contact between the plant roots and the precipitated material the reac¬ 
tion of the entire medium must be suffidently acid to render the iron 
soluble in order to prevent chlorosis, and that the hydrogen-ion concen¬ 
tration at the threshold of chlorosis is the critical reaction governing the 
availability of the form of iron in that particular culture. In the denser 
media, however, in which the roots are in contact with insoluble material 
and in which circulation of the nutrient solution is retarded and sedi¬ 
mentation of precipitated matter is prevented, there may be, as a conse¬ 
quence of plant growth and the rejection by the plant of nonassimilable 
compounds, a very significant modification of the composition and 
reaction of the nutrient, the extent and intensity of which it is not easy 
to determine. Under such conditions it is evident that only that part 
of the culture which is in contact Mrith the plant roots is the tme medium 
in which the plant grows, and that the reaction of the unassimilated 
residue of the nutrient salts may be of more significance than is the reac¬ 
tion of the mass of the medium. 

EFFICIENCY OF NITRATES AND AMMONIUM SALTS AS NUTRIENTS 

FOR RICE 

It has long been known that rice {Oryza scUiva) differs from the majority 
of other economic plants in that it does not seem adapted to the utilization 
of nitrate nitrogen as a fertilizer when it is grown under swamp condi¬ 
tions. Ammonium salts, on the other hand, have generally been found 
to serve as a suitable source of nitrogen, but Daikuhara and Imaseki (j) 
have noted that the difference between the efficiencies of the two forms 
of nitrogen disappears when rice is grown on soil that is not submerged. 

Many attempts have been made to explain this characteristic prefer¬ 
ence of the rice plant for ammonium nitrogen. Nagaoka (79) suggested 
that three factors were involved in interfering with the utilization of the 
nitrates: (i) Loss of nitrogen by denitrification; (2) the formation of 
poisonous nitrites in the process of denitrification; and (3) the absence 
m the plant of sufficient sugar to transform the nitric nitrogen absorbed 
into protein. 

Daikuhara and Tmaiaoki (5) showed that the last theory was untenable 
when they proved by analysis that the sugar contents of paddy rice and 
of upland rice were approximately equal. Their results, however, indi- 
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cated that there was a great tendency to loss of nitrate nitrogen from 
leaching and denitrification in the submerged soil. They also observed 
that plants which were treated with nitrate became pale yellow in the 
early period of growth but that they recovered later. This was attributed 
to the physiological effect of poisonous nitrites which were formed by the 
reducing action of certain bacteria. 

Kelley (rr), too, found that rice made a weak yellow growth in pots 
when it was supplied with nitrates as a source of nitrogen, but that the 
plants usually assumed a deep green color as they neared maturity and 
apparently made normal growth thereafter. In one series of sand cul¬ 
tures to which sodium nitrate was added, however, it was observed that 
although repeated plantings were made, the seedlings in every instance ’ 
stood for some days, turned yellow, and died. These results were con¬ 
sidered to indicate that nitrates were unable to nourish the young seedlings 
properly, but Kelley also attributed injury causing the rice plants to 
turn yellow to the action of nitrites in the culture. Perciabosco and 
Rosso (20), however, showed that nitrites in culture solution were 
absorbed by rice without evidence of injury. 

More recent work by Trelease and Paulino (25) shows that ammonium 
salts are more efficient sources of nitrogen for rice than are the nitrates. 
The results of Kellner {12) and of Espino (4), however, indicate that, 
while young rice plants retjuire ammonium nitrogen for normal develop¬ 
ment, the older plants utilize the nitrates as well as they do ammonium 
salts. Gile and Carrero {8), on the other hand, have reported results 
obtained by the use of culture solutions in which nitrogen was supplied 
in the form of sodium and potassium nitrates; and wUle they did not 
dmm that theirs was an optimum solution for rice, they stated that when 
the solution was sufficiently acid to insure the availability of enough iron, 
the rice made normal growth and was equal in size to exceptionally large 
field-grown plants. '!^ese investigators also observed that the yield of 
plants might be diminished by a deficiency of iron which was not great 
^enough to affect the color of the leaves. 

EXPERIMENTAL DATA 

On account of the effect which the unassimilated residues of the differ¬ 
ent forms of nitrogen have on the reaction of plant culture media and also 
because of the relation existing between the reaction of the medium and 
the appearance of dilorosis, it seemed advisable to reconsider the question 
■of the comparative efficiency of nitrates and ammonium salts for rice. 
It was therdore decided to make a study especially to determine the rela¬ 
tionship between the two classes of compounds and the chlorosis due to 
the unavailability of iron for the plant. 

For the earlier investigations the soil chosen was an add red day which, 
in a preliminary test, had been found to be very defident in nitrogen and 
phosphorus. Plants that were grown on this soil were apparently immune 
to chlorosis regardless of the quantity of lime that was added to alter 
the reaction. In the response of plants on this soil to different forms of 
nitrates and ammonium salts no differences attributable to the form of 
nitrogen used were noted. The results, however, wore rendered of doubt¬ 
ful value on accoimt of an abnormality which was apparently the straight- 
head disease of rice that is described by Tisdale and Jenkins (24). 

Further tests were made in-whidi there was used an alkaline sandy soil 
irom a river bank having the following composition: 
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Analysis of moisture free soil 


L 


Constituents. 


Per cent. 


Material insoluble in HCl (sp. gr. 1-115) 

Ferric oxid (FcaOs). 

Aluminic oxid (AlaOa). 

Manganese oxid (MnO). 

Lime (CaO). 

Magnesia (MgO). 

Potash (KaO). 

Soda (NajO). 

Phosphorus pentoxid (P2O5). 

Sulphur trioxid (SOa). 

Carbon dioxid (CO^). 

Nitrogen (N). 

Lesson ignition. 

Total. 


68. 73 

9-43 
12. 32 

• 17 

2.02 

I-so 

. 20 

•38 

•07 

Trace. 

•37 

• 034 

_Si47_ 

100. 29 


Preparatory to being used, the soil was put through a process to crush 
the lumps, and it was then passed through a screen (4 meshes to the linear 
inch). After being thoroughly mixed, 45 pounds of the mr-dried material 
were then weighed into each of the required number of glazed earthenware 
pots having a 5-gallon capacity. No provision was made for drainage. 

All treatments were added in solutions with sufficient water to saturate 
the soil, and the pots were placed on cars permitting of the carriage to a 
screened inclosure for exposure during fair weather and to a glass house 
at night and during rains. 

Seed of the Wataribune variety was used for experimental plantings, 
a strain of which had been carefully selected for several generations for 
this purpose. Sufficient seed was planted to furnish about three times 
as many plants as were required, and the excess seedlings were removed 
so that the most thrifty plants would be well distributed in the pot. 
Plantings were made immediately after the treatments were added, and 
the soils were kept wet to the point of saturation until the plants were 
about 2 inches high. The soils were then flooded and kept covered to a 
depth of I or 2 indies until the plants were cut. 

In a comparison made of several compounds to determine the best 
source of phosphorus for the soil, orthophosphoric acid (HjPO<) was 
found to give satisfactory results. This form was, therefore, used in all 
the experimental work to obviate any interference by inert material 
which might mask the effect of other treatments. 

EXPERIMENT I.—COMPARISON OF AMMONIUM SULPHATE AND SODIUM 

NITRATE TO DETERMINE THEIR INFLUENCE ON THE DEVELOPMENT 

OF CHLOROSIS IN RICE 

Twenty-two pots of soil were given treatments of phosphoric acid and 
potassium sulphate to furnish each pot with 5 |;m. of PjO* and 2 gm. of 
KjO. The nitrogen compounds were added in sufficient quantity to 
supply I and 2 gm. of nitrogen to the pots which received the lighter and 
the heavier treatments, respectively. 

Of the pots which received each treatment, one-half were sprayed by 
means of an atomizer every two days with a i per cent solution of ferrous 
sulphate, preliminary tests having shown that ferrous sulphate was as 
efficient for spra3dng purposes as was ferric chlorid or ferric citrate. 
Five plants were selected from the seedlings to remain in each pot. 
Table I gives the plan of the experiment and the significant results ob¬ 
tained from it. 

39364—23-7 



















TablB I .—Chlorosis of rice on a calcareous soil as influenced by fertilization with sodium nitrate and ammonium sulphate 
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The plants in this series of pots were cut while they were in the boot 
stage, it having been observed that those in soil cultures that had been 
rendered partly chlorotic by means of fertilizer treatment generally 
recovered their normal green color at about this period. 

The results of this test show the influence on the development of 
chlorosis of the form of nitrogen used as a fertilizer and that the nitrate 
furnished was probably active in causing chlorosis, the effect being more 
marked on those pots receiving 2 gm. of nitrogen in that form than it 
was on those pots to which i gm. was applied. It would seem, there¬ 
fore, that the calcareous soil was not the sole causative factor in similar 
cases of chlorosis, although this point has not been definitely established 
by ^e results obtained from the experiment. 

That chlorosis was due to lack of sufficient iron for chlorophyll forma¬ 
tion was evidenced by the development of a green color where the leaves 
were wet with the solution of ferrous sulphate. The nature of the leaf 
surface, however, was such that it was not possible to wet the entire 
area with the spray solution, and the plants therefore presented a mottled 
appearance. For this reason it is not certain whether the plants that 
were fertilized with sodium nitrate would have made a growth equal 
to that of the plants which received the ammonium sulphate had the 
spra3dng been more efficient as a remedy for chlorosis. 

Observations made in this test do not show whether the plants which 
received sodium nitrate were chlorotic as a result of the form of nitrogen 
used or on account of the basic residue; whether the chlorosis, if caused 
by the basic residue, was due to the alkalinity of that residue or to the 
specific action of the sodium ion; nor whether there was a depression 
in plant growth additional to that caused by chlorosis. 

A wide variation was observed in the size of the individual plants in 
the same pot and also in the tendency of plants of different sizes to recover 
from chlorosis. Apparently, absolute uniformity of cultural condition 
was not maintained in the experiment and the variations present 
governed the severity of the chlorosis. 

Samples of the soil water for analysis were drawn from the mass of 
the soil by means of a pipette. The method of sampling was not ideal 
for the accurate determination of the composition of the nutrient solu¬ 
tion, but it was chosen because it permitted the least disturbance of the 
plant roots. The determinations of hydrogen-ion concentration that 
were made by the colorimetric method of Clark and Tubs (r) are be¬ 
lieved to be reasonably accurate, but the results showing the concentra¬ 
tion of the different forms of nitrogen are only approximately correct. 

The failure of the analysis to show the presence of appreciable quanti¬ 
ties of ammonia is probably due to the absorption of that nutrient by 
the soil. Such removal of nitrogen from solution did not, it is thought, 
in any way interfere with the ability of the plant to absorb a suffiaent 
amount for efficient utilization. 

Evidence of the loss of some nitrogen through denitrification is shown 
by the decrease of nitrate nitrogen in the uncropped pots No. 33 and 35 
durag the period in which the plants were growing in the other pots. 
This loss, however, is thought to be of little significance in a comparison 
of the effects of the two forms of nitrogen. 

The small quantity of nitrate mtrogen which accumulated in pots 
No. 34 and 36 as a result of the nitrification of ammonium sulphate may 
indicate that, as Fraps (5), Kelley (u), and Kellner (la), and othe^ 
have shown, nitrification does not take place in submerged soils; or it 
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may indicate that denitrification processes were rapid enough to prevent 
the accumulation of considerable amounts of nitrate nitrogen. It is 
assumed, however, that in this experimental work the nitrification of 
ammonium sulphate was so greatly inhibited that the plants which were 
grown in pots treated with that compound derived the greater part of 
their nitrogen from the ammonium radicle. Nitrogen in the form of 
nitrite did not appear in significant quantities in any pot. 

EXPERIMENT II.—A COMPARISON OF AMMONIUM SULPHATE AND 

AMMONIUM PHOSPHATE TO DETERMINE THEIR INFLUENCE ON 

THE DEVELOPMENT OF CHLOROSIS IN RICE 

No direct method having been devised to eliminate the effect of the 
basic residues of the nitrate fertilizers in this soil, in order to test the 
effect of nitrate nitrogen on the development of chlorosis it was planned 
to determine whether or not resistance to chlorosis was characteristic of 
plants grown with ammonium compounds. 

Thirty-four pots were prepared in the same manner as were those in 
experiment I. Potassium sulphate (K^SO,) was applied in sufficient 
amounts to furnish 2 gm. of potash (K, 0 ) to each pot, and phosphoric 
acid (HjPO^) and ammonium sulphate f(NH4)jS04] were used as sources 
of phosphorus and nitrogen in one-half of the number of pot®, while 
monoaramonium phosphate (NH^H^PO^) was used to supply the same 
nutrient elements in the other half. Nitrogen in the amount of 1.25 
gm. was added to each pot, and phosphorus was furnished in the amounts 
shown in Table II. The ammonium phosphate treatments were supple¬ 
mented with ammonium sulphate to maintain the uniform quantity of 
nitrogen per pot. Plantings were made as in the former experiment, 
and five plants were selected from the seedlings to remain in each pot. 
The spraying was conducted as in experiment I. The ressults are given 
in Table II. 
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TablS II .—Chlorosis of rice on calcareous soils as influenced by fertilization with 
ammonium phosphate and ammonium sulphate 


SPRAYBD PtANTS CUt 42 DAYS AFTER PLANTING 



Nitrogen added as— 

Phosphoric acid added 
as— 

Yield 
of dry 
matter. 

B 

Num¬ 
ber of 
plants. 


Pot 

No. 

NH 4 HSPO 4 . 

(NH4)*SOi. 

NH4HjP04. 

HaP04. 

tration 
at soil 
water 
at har> 
vest. 

Appearance of plants. 

X 

3 

4 

Gm, 

Gm. 

X. as 

I. as 
I. as 

X. as 
X. 33 

Gm. 

Gm. 

0. X 

•S 

x.o 

a-S 

Gm. 

4* I 
6.0 
9.6 
9*7 
4.8 

Pn. 
7-7 
7- 7 
7*7 
7 , 7 

s 

s 

5 

5 

Oreen. 

Do. 

Do. 

Do. 

5 

0.0a 

0 . X 

7.6 

5 

Yellow spotted with 
green. 

6 

• xo 

I. IS 

•S 


4-9 

7*7 

5 

Do. 

7 

. ao 

x.os 

x.o 


4-4 

7.6 

5 

Do. 

» 

•SO 

•7S 

a-S 


a.4 

7.6 

5 

Do. 


UNSPRAYBD PLANTS OrT 42 DAYS AFTER PLANTING 


7*5 

5 

Green. 

7*8 

5 

Do. 

7.6 

5 

Do. 

7*7 

5 

Do. 

7*7 

5 

Yellow. 

7*7 

5 

Do. 

7.6 

5 

Do. 

7.6 

5 

Do. 

7* 7 

5 

Green. 


SPRAYED PLANTS CUT 77 DAYS AFTER PLANTING 
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In the original plan this test was to be conducted so that results could 
be obtained in duplicate, but 42 days after they were sown the plants 
under the influence of the different treatments showed such marked 
differences that it was deemed advisable to cut one-half the series in 
order that any tendency toward recovery might not deprive the writers 
of data showing the effect on plant growth of extensive chlorosis. At 
the time of the first cutting the plants in both pots in which the treat¬ 
ments had been duplicated were fairly uniform in size and appearance, so 
the probable error of the results obtained from the first cutting is small. 

The weights of the plants that were cut when they were in bloom 72 
days after planting are only approximately representative of the effect 
of the treatment because of the extreme variability in the size of the 
plants in many of the pots. In general, the variation was greatest in 
those pots showing the most severe cases of chlorosis, and it was appar¬ 
ently *due to the unexplained difference in the tendency of individual 
plants toward recovery and normal growth. In pots No. 30 and 32 the 
chlorotic condition was so severe that some of the plants became dis¬ 
eased at the bud before they made any appreciable growth. The 
yields recorded for these pots represent only those plants which survived 
and made considerable growth after recovery. 

As was true in experiment I, the effect of spraying with ferrous sul¬ 
phate was only partly successful in overcoming chlorosis on account of 
the nature of the leaf surface. That either the iron applied was diffused 
throughout the leaf or that the effect of the partial development of green 
color was to aid the plant toward natural recovery was apparent soon 
after the first series of plants was cut when the spotted surface of the 
leaves of the remaining sprayed plants developed a striped appearance. 
By reference to Table II it may be seen that, regardless of the difference 
in fertilizer treatments, the plants that were sprayed were quite uniform 
in appearance, although the plants grown with ammonium phosphate 
were not equal in weight to those grown with ammonium sulphate. 

The results obtained from experiment II show that the conditions 
causing the development of chlorosis were not necessarily induced by the 
presence of nitric nitrogen; nor were they traceable to the presence of 
an unassimilable basic radicle in the fertilizer salts used, in this case the 
indication being that chlorosis may have been caused by the precipita¬ 
tion of iron in the soil or in the plant by the phosphate ion liberated 
when the ammonium ion was assimilated at the more rapid rate. 

The explanation is not definitely justified by the data at hand because 
it was not possible, owing to the small quantity of material available, to 
obtain analytical results showing the relative quantities of nitrogen and 
phosphorus assi m ilated. Moreover, it is not certain that in a calcareous 
soil ammonium phosphate would remain as such for any great length of 
time. The chlorosis which occurred in the presence of ammonium phos¬ 
phate was much more severe than that which resulted from the use of 
sodium nitrate, but the plants grown with the former compound responded 
much better to spraying with ferrous sulphate and apparently tended 
toward a more complete recovery in the later stages of growth than did 
those grown with sodium nitrate. 
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EXPERIMENT III.—THE COMPARATIVE EFFICIENCY OF NITRATE 

AND AMMONIUM NITROGEN AS FERTILIZER FOR RICE WHEN THE 

interference of chlorosis is DIMINISHED 

In experiment I it was found (i) that the application of sodium nitrate 
to rice in a calcareous soil was attended by a chlorotic condition of the 
rice plant, and (2) that spraying with a solution of an iron salt was only 
partly effective in remedying the condition. 

To determine, then, the comparative suitability of nitrate and ammo¬ 
nium nitrogen on this soil, an attempt was made to take advantage of 
certain individual rice plants which are less affected by the conditions 
causing chlorosis than are others, and also of a characteristic of the 
variety of rice used, the characteristic being that the rice tillers freely 
and produces culms and yields which are not closely dependent upon the 
maintenance of a definite number of plants of uniform size per uni^ area. 

Eighteen pots were prepared and treatments were added in the same 
manner as they were in the previous tests, 2 gm. of nitrogen being fur¬ 
nished each pot in the forms of calcium nitrate, and ammonium sulphate. 
Calcium nitrate was chosen in preference to sodium nitrate to minimize, 
if possible, the intensity of the effect of the basic ion. Ammonium nitrate 
was used as a physiologically neutral form of nitrogen intermediate 
between the nitrates with basic residues and ammonium sulphate with 
acidic residues. 

Potassium sulphate in sufficient quantities to furnish 2 gm. K^O and 
phosphoric acid in quantities to supply 4 gm. PjOg were added to each pot 
Nitrogen treatments were replicated in six pots so that cuttings might 
be made at different stages of plant growth. It was planned to make the 
first cutting of plants representing each treatment at about the time that 
the plants which had received calcium nitrate were showing evidence of 
recovery from chlorosis, selecting for samples of the rice grown with 
calcium nitrate the plants in. those pots in which chlorosis was most 
severe, so that those which were least affected and which might make 
the quickest recovery could be allowed to mature to afford a better 
comparison of the yields as governed by the efficiency of the different 
forms of nitrogen. 

The second cutting was made when the heads were beginning to emerge 
from the boot, at which time all the plants in the test showed a remarkable 
uniformity in degree of maturity. 

Seeding was made as in the other experiments. Ten seedlings were 
allowed to remain in each pot until the pots which had received calcium 
nitrate could be arranged in the order of their intensity of chlorosis. 
Two pots representing each treatment were then selected to be held for 
the first cutting, 10 plants being allowed to remain in each pot, and 4 
seedlings were removed from each of the other six pots. Table III gives 
the results of the experiment 

























































































Tabus III .—Effect of nitrogenous fertUizere on the appearance and yield of rice plants at three stages of growth —Continued 
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In this test the rice that was fertilized with calcium nitrate was more 
or less chlorotic in all pots until after the first cutting was made. The 
plants that were furnished with ammonium nitrate were chlorotic for 
only the first few days of their gro^vth. Plants that were fertilized with 
ammonium sulphate wete not chlorotic at any stage of development. 

There was a w ide variation in the degree of chlorosis of the different 
plants which had been made chlorotic as a result of fertilizer treatment. 
It was therefore found advisable in the first cutting to include with the 
two pots treated with calcium nitrate a third pot in which the chlorosis 
was so severe that it w^as doubtful w^hether the plants w’^ould survive for 
a later cutting. At the time of the second cutting some of the plants in 
pots No. 4 and 5, wdiich had been given calcium nitrate, had become 
green, and the others we e only partly chlorotic. The plants from each 
of these pots were therefore divided according to their color into tw’o 
samples to be weighed and analyzed. 

As was found in experiment I, ammonia nitrogen was apparently 
almost completely absorbed by the soil very soon after the addition of 
the ammonium sulphate, and nitrites were not found in significant 
quantities at any time. This may have been due to the nonproduction 
of the latter form of nitrogen, to its rapid assimilation by the plants, or 
to conversion to otlier forms of such amounts as were produced. 

The concentration of nitrates in the soil w^ater had dec^^eased consid¬ 
erably at the time of the first cutting, and w hen the second samples w ere 
taken the waters were nearly free of nitrates—a phenomenon which was 
coincident with the recovery of a majority of the plants from chlorosis and 
which may have been indirectly a contributory factor influencing recovery. 

In regard to the average yield of mature heads per pot, the pots which 
were treated with calcium nitrate were practically equal to those which 
received ammonium sulphate, while the yield from the pots to which 
ammonium nitrate had been added w-as somewhat lower than that made 
by the others. The wide differences in yields from individual pots that 
were treated with ammonium nitrate may indicate, however, that the 
yield was influenced by some detrimental factors which did not cause 
other visible symptoms of injury; and it is possible that the relative 
inefficiency of the form of nitrogen used w^as not the cause of the low 
average yield. 

The basis of selection of the pots in w hich the soil had been treated with 
calcium nitrate and from w-hich the plants were to be harvested at 
maturity is open to criticism. It is thought, however, that the three pots 
in which the plants made rapid and complete recovery from chlorosis are 
comparable with the same number of pots of any other treatment, and 
that they are, for pin poses of determining the influence of the fertilizer 
on the yield, moie truly representative of the treatment than would have 
been an average wliich included some chlorotic plants. With this point 
in view it is evident that, under the conditions of this experiment, the 
nitrates, as represented by calcium nitrate, served for the nutrition of 
the rice plant as suitably as did ammonium sulphate when the factors 
causing chlorosis were inoperative. 

ANALYTICAL DATA 

As to the cause of chlorosis in the series of pots which received calcium 
nitrate, some interesting analytical data showing some of the differences 
between plants of the first and second cutting in experiment III and 
between green and chlorotic plants of the same cutting are given in 
Table IV. 




Tabi,^ IV .—Composition of rice plants as influenced by nitrogenous fertilizers 
40 DAYS AFTER PLANTING 



o Gfcen slants. ^ Chloiotic i>la&t?. 
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The samples analyzed represent the entire plant above ground. The 
dry matter produced under the influence of each treatment was found to 
vary considerably, especially in those pots which received calcium 
nitrate, and the results of the analyses are therefore weighted in propor¬ 
tion to the amount of dry matter produced in the respective pot for the 
calculation of the average. 

ANALYTICAL METHODS 

The analytical methods used were essentially those prescribed by the 
Association of Official Agricultural Chemists.* 

Nitrogen was determined by the Gunning method, sodium sulphate 
being used in place of potassium sulphate. In order to determine the 
ash and its constituents, the material was charred over a low flame, the 
sample was weighed, leached with dilute hydrochloric acid, and then fil¬ 
tered and washed on a tarred Gooch crucible having a pad of ash-free filter 
paper. The insoluble residue consisting of silica and carbon was dried 
and weighed and the carbon was burned off. The ash percentages were 
calculated from the weight of the original incinerated material by sub¬ 
tracting therefrom the loss of weight due to the ignition of the carbon. 

Carbon dioxid in the ash was not determined on account of the small 
quantity of material available. The quantity of silica reported is the 
sum of the weights of insoluble silica and of that in the hydrochloric 
acid extract which was obtained by evaporation and dehydration. Iron 
was determined by permanganate titration after it was reduced with 
zinc and by the Reinhardt method. The results obtained by each method 
were in agreement 

DISCUSSION OF RESULTS OF ANALYSIS 

Table IV discloses some results which may have a positive significance 
in showing the influences causing the chlorosis in experiment III. Table 
III shows that the nitrates had practically disappeared from the soil 
water at the time of the second cutting, and Table IV shows that a 
marked decrease in the percentage of nitrogen in the plant occurred 
during the period between the first and second cutting, those plants 
which had received nitrogen as calcium nitrate having gained 0.36 per 
cent of nitrogen in the increment of dry matter, while the plants in the 
other two series showed a loss of total nitrogen. 

If, therefore, the production of basic residues by the assimilation of 
the nitric fertilizer salts produced in the soil a condition that prevented 
the absorption of iron, or in the plant a condition which prevented the 
utilization of iron for ^e development of chlorophyll, the influence must 
have been removed before the plants in experiment III were ready for 
the second cutting, and at a time that was approximately coincident 
with the recovery of the plant from chlorosis. 

A comparison of the average results of the iron determinations indicates 
that, in those plants which received calcium nitrate, the first cutting of 
the plants had less iron in the dry matter, in the ash, and in the silica- 
free ash than was found in the same components of the green plants 
grown with the other treatments. In the second cutting the chlorotic 
plants had the higher content of iron in the dry matter; and while the 


» Wiley, H. W., ed. ovntiAh and provisional methods op analysis, association of official agri¬ 
cultural CHEMISTS. As compiled by the committee on revision of methods. U. S, Dept, Agr. Bur. 
Chem. Bui 107 <rev.), 971 p., 13 fig., 1908. Reprinted 19x9. . 
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percentage of iron in the ash was higher in the green plants, this was 
largely due to a high proportion of silica in the ash of the chlorotic 
plants. The percentage of iron in the silica-free ash was about the same 
in the green and in the chlorotic plants. 

Such observations would indicate that the chlorosis in these pots was 
not due to a deficiency of iron, but Gile and Ageton (7) explained a 
similar result in their work as possibly being due to the fact that the 
tissues of chlorotic plants represent an earlier period of growth than do 
the tissues of green plants of the same age and that they therefore require 
a greater quantity of iron to prevent chlorosis. It would not be impos¬ 
sible, however, for iron in a chlorotic plant, though present in sufficient 
quantity, to be rendered inactive for the development of chlorophyll by 
abnormal conditions in the plant. 

It is shown that the green plants had an ash content which was less 
than that of the chlorotic plants, but the high ash content of the latter 
may have been due to the depression of carbon assimilation and to a 
consequent small quantity of carbonaceous matter in the plant The high 
silica content of the chlorotic plants can best be explained in the same 
way, and Vjariations in the amount of this constituent in the plant ash 
are apparently of no importance. 

In regard to the silica-free ash, the plants of all treatments had a 
general uniformity of compositions at the same stage of growth but 
gave some evidence that the use of calcium nitrate as a fertilizer de¬ 
pressed the absorption of this constituent up to the time of the second 
cutting. It is hardly possible, however, that the silica-free ash content 
of the plant can be considered as indicative of the way in which nitrate 
fertilizers cause the development of chlorosis, because the analysis of 
plants in the second cutting from the nitrate pots showed that there 
was no consistent difference between the chlorotic and tlie green plants 
in this regard. 

As was shown of the nitrogen content, the rate of absorption of the 
ash constituents, with the exception of silica, tended toward diminution 
as the plant passed through the stage in which it began to recover from 
the condition causing chlorosis. It does not appear, however, that the 
analytical results presented offer an evidence that variation in the ash 
content of the plant at different periods of growth has any bearing on 
chlorosis. 

SUMMARY 

The development of chlorosis of rice on calcareous soils may be gov¬ 
erned by the natme of the nutrients supplied, those compounds repre¬ 
sented by sodium nitrate, calcium nitrate, and ammonium phosphate, 
which, in themselves or by virtue of an unassimilable ion, are the cause 
of. tke precipitation of iron, being associated with chlorosis, while the 
plants which have been supplied with ammonium sulphate in which 
the unassimilaUe radicle may serve as a solvent for iron may be thrifty 
and of normal color. 

It h£» not been shown by the experimental methods used whether 
the basic material in the soil or the basic residues of the nitrates were 
primarffy the cause of the conditions determining the appearance of 
dtknosis, nor whether the acidic residue of ammonium sulphate served 
to fnevent chlorosis in the calcareous soil. Inamiuch, however, as it 
was shown in the first experiment diat the degree of chlorosis attending 
the use of sodium nitrate as a nutrient was in proportion to the quantity 
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of that salt furnished, it seems possible that the basic residues of the 
nitrates were primarily the cause of the chlorosis and that the alka¬ 
linity of the soil was a secondary factor. 

The reaction of the soil in which the plant roots are in contact with 
the insoluble supply of iron is shown to be of less significance in deter¬ 
mining the availability of iron for the plant than are the effects of the 
products rejected by the plant roots. 

Chlorosis of rice grown on the soil used was especially severe in young 
plants, and plants which were not too seriously affected showed a tend¬ 
ency to recover as they approached maturity. This phenomenon of 
recovery was coincident with a decrease in the rate of absorption of 
nitrogenous compounds, a fact which substantiates the evidence that 
the nitrate fertilizers were causative of the chlorotic condition, although 
it is possible that an increase in the elimination of carbon dioxid from the 
roots had some influence in aiding the plant to recover its normal color 
by making more iron available in the soil. 

The observation that nitrates are less suitable than ammonium salts 
for the fertilization of young rice plants may be based on the influence 
on the plants at the period of greatest absorption of nitrogen of the 
unassimilated residues of the fertilizer used rather than on the inferiority 
of nitric nitrogen as a nutrient. It seems probable also that the injury 
which has heretofore been ascribed to the toxic effect of the nitrites, 
derived from nitrates by reduction, was but a manifestation of chlorosis 
which was caused by the action of the basic residues of the nitrate salts 
used as nutrients. 

The nitrogen of calcium nitrate may be suitable equally with that of 
ammonium sulphate in the physiological processes of the rice plant when 
it is used under cultural conditions in which the reaction of the unassimi¬ 
lated residue of the nitrate does not interfere with the absorption and 
utilization of iron. 
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SOME GRAMINICOLOUS SPECIES OF HELMIN- 
THOSPORIUM: I‘ 

By CharlBS DRBcasLSR * 

Atsuiant Patholowt, formerly Office of Cereal Investigations, Bureau of Plant Industry, 
United States Department of Agriculture, now Office of Cotton, Truck, and Forage 
Crop Disease Investigations 

INTRODUCTION 

Although the genus Helminthosporium includes a large number of 
forms thriving saprophytically on the bark, leaves, and stems of both 
woody and herbaceous plants, it has become familiar to plant pathologists 
and perhaps, in a large measure, to students of fungi generally, through a 
relatively moderate number of parasitic species. Undoubte^y the most 
widely known of these parasitic forms are those affecting ^minaceous 
hosts, as considerable losses to important (Sereal crops, inclu<^g especially 
barley, com, rice, oats, wheat, and sorghum, in various pe^ of the 
world, have continued ter several decades to encourage a desire for 
knowledge leading to some sort of effective control. Besides these 
economically important forms, many parasitic species of Helminthosporium 
have been recorded as thriving on various members of the grass family, but 
have remained more or less obscme because either the hosts affected were 
of little economic value, or, being important, the parasitism occasioned 
little or no observable damage. 

However, as is not uncommon in the case of large genera, publication of 
an increasing number of descriptions of presumably new species, thriving 
on related or even identical hosts, has injected a large degree of uncer¬ 
tainty into the specific taxonomy. In many instances, writers have failed 
to compare their organisms with congeneric forms, or have used for such 
comparison herbarium material which had already undergone the degen¬ 
erative changes in structure incident to the death of the spores. It vras ■ 
in an effort to define the more distinctive differences between the forms 
parasitic on barley and oats, and those found on a few of the more common 
uncultivated or . wild grasses that the present study was undei^ken.- 
This paper, whidh it is hoped may be followed by others dealing with the 
very considerate variety of species of Helminthosporium growing on 
grasses in the United States, is offered as a comp^ative mycologict 
account of some of the more readily available species. No attempt is 
made here to deal with the intimate pathological aspects, as these have 
been for some years the subject of intensive study by other workers, both 
in this country and abroad. 
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APPEARANCE OF AFFECTED PLANTS 

Although the symptoms produced by a species of Helminthosporium 
on some particular host are generally quite well defined, the different 
members of the genus considered collectively bring about a considerable 
variety of changes. These may be briefly considered under a number of 
categories. 

SPOTBIvOTCH, FOOTROT, KVESPOT 

Perhaps the most easily recognized type of lesion is represented by the 
discoloration resulting from the attack, for example, of Helminthosporium 
sativum P. K. & B. on barley (Hordeum spp.), wheat (Triticum spp.), 
and quack grass {Agropyron repens [L.] Beauv.). Here each, foliar 
infection produces a fairly well-defined, more or less jongitudioal spot 
ranging in color from light brown to nearly black. An entirely similar 
type of leaf injury is characteristic of the diseases of Kentucky bluegrass 
{Poa praiensis L.) and of barnyard grass (Echinochloa crus-gaUi [L.] 
Beauv.), attributable to two congeneric parasites that are newly described 
in this paper as H, vagans and H. monoceras, respectively. When the leaf 
shears also are affected, the discoloration often becomes increasingly dif-. 
fuse downward, so that the base of the stem may be quite uniformly dis¬ 
colored—a conation that in the case of wheat, where it is usually com¬ 
plicated with more or less injury to the roots, has become widely known as 
footrot. Similar dark foliar spots characterize .the incipient attack of 
H. leersii Atk. on white grass (Leersia virginica Willd.), of H. gyganieum 
H. & W. on goose grass {Eleusine indica [L.] Gaertn.), and Bermuda 
grass (Cynodon dactylon L.), and of H. oryzae B. de H. on rice {Oryza 
saUva L.). Later, however, the central areas lose their dark color, the 
older and larger spots being finally represented by a dark broam ring 
surrounding a central straw-colored area. The term “eyespot,” whidi 
has been applied (75)* to a disease of sugar cane (Saccharum officinarum 
L.) caused by H. sacchari Butl., is perlmps most accurately descriptive 
of the latter type of foliar lesions. 

NETBLOTCH 

A second category cff discoloratimr very characteristic, though less 
common, is caused by Hdminihosporium teres Sacc. on barley, as well as 
by a fungus on Festuca elatior L. described in this p^)er as H. dictyoides. 
Ine affected leaves, while still green and living, riiow abundant brownish 
discoloration in irregular pattern, within whkh may be recognized a net- 
yrork of darker longitudinal and transvecse linear streaks. With the 
withering of the leaf these reticuh^te markings become less pronounced, 
and ate finally more or less comfdetely <ff}Uterated. 

STBIFE 

Helnmihosporium gyaiiUneim Rabh. causes an unusual type of injury 
to barley, Ihe leaves i»evious to heading time becoming variegated with 
yellow bands extending frequently the whole length of tiie leaf. Chi 
the prmnature deafih of the plants the f<di«r cic^iiis ^t along - 
longitudinal markings, giving them a ragged cr ^Siredded appears... 
This type of injury has bem shown to he ecmmgeat cm contin 
development of the parasite in the grritritte thit^ in a maun*** 
unlik e the develc^mient of oatain iin^t ftaigt- 
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WHITB blast 

Helminthosporium turcicum Pass, produces on inaizc (Zea mays L.) a 
type of injury that is probably more common than might be supposed, 
as it is likely to escape detection. The green color of the affected tissue 
disappears completely, leaving a chlorotic area that increases in size 
until it may be several inches long and perhaps one inch in width. 
Owing to the large size of' the com leaf blade, tlie desiccated areas, which 
may be surrounded, moreover, by a narrow, brownish, marginal zone, 
contrast sharply with the surrounding green tissue and are quite readily 
recognizable as due to the agency of a parasite. However, with the 
larger number of graminaceous hosts, having much smaller leaves, 
proportionately large segments of the blade are involved at once; wither¬ 
ing usually starts at the tip and proceeds do^vnward, thus simulating the 
appearance of withering due to drought. It may be mentioned that 
the parasitic nature of species of Helminthosporium not associated with 
dark discoloration or conspicuous pathological changes in the mechanical 
'properties of the plant tissues involved manifestly can not be ascertained 
definitely by observation alone Helminthosporium dematioidcum Bub. 
and Wrob. on the leaves of sweet vernal grass (Anlhoxanihum odoraium 
I<.) may be cited as an example of a considerable number of fungi, the 
relation of which to their host or substratum is certainly not as obvious 
as flight be desired. 

OTHER Types of injury 


Differing quite markedly from all of these forms of injury is that 
caused by a species of Hdminthosporium attacking young plants of a 
species of Paspalum, provisionally identified as Paspalum boscianum 
Fluegge, which will be further discussed as H. micropus. The first evi¬ 
dence of infection appears as a water-soaked area, the tissue of w’hich 
has lost all its rigidity. The condition suggests an injury such as might 
have been brought about by the application of a few drops of boiling 
water. The affected area frequently dries and shrivels, often lea'vnng 
the surrounding tissue quite normal; or if the affected spot is large 
enough to interrupt the vascular communications tlie more distal portion 
of the l«if blade may gradually wilt without any further advance of the 
fungus. 

In the attack of Helminthosporium ravenelii Curtis on Sporobolus 
indicus (L.) R. Br. it is quite impossible to notice either wilting or dis¬ 
coloration. ITic fructifications of the fungus grow directly out of the 
inflorescence in a dense, dark, brownish green, velvety layer, the latter 
being so conspicuous and abundant as to have suggested the term 
“smut grass’* as common name for the host. The infection undoubtedly 
is altogether local, for even when the larger portion of the panicle has 
been overgrown with the fux^, the exposed parts present an appear- 
,ance not greatly different from t^t of an entirely healthy inflorescence. 
The fungus discussed in tins paper as H. oryzae, when developing on the 
Mfprescence of rice, shows an approach to H. revenelii in the crowded 
its sporophores. 

!».* ^TiXONOmC CHARACTSRISTICS 

definiticHi m the genus Hdminthosporium Link (83) as recognized 
'm ilie large worlra of ^ccardo (128, v. 4, p. 402) and Lindau {83) has 
! «ea very generally adq>ted by mycologists. (The genera Brachysporium 
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Sacc. (12S, V. 4, p. 403) and Napidadium Thfim. (150) are distinguished 
from Hehninthosporium, the former in possessing rdatively short spores, 
the latter in having spores tapering toward the apex.Jl Naturally, these 
distinctions are based on no fundamental differences, and may readily 
be supposed to have been advanced primarily to serve in dividing in 
some way a large group of organisms into a number of smaller groups. 
As it is not always possible to determine definitdy whether the spores of 
a certain spedes are in the main to be regarded as longish, or short, or 
tapering, the advantage accruing from erection of these genera on 
artifidd distinction has been at least partly counteracted by the con¬ 
fusion occasioned by different writers assigning the same form to different 
genera. Indeed, certfun of the forms induded in the present paper have 
been assigned by some writers to one or the other of the genera allied 
to Hehninthosporium, and a few other forms might perhaps be thus 
assigned with equal cogencjr. 

I^e imperfect fructifications characteristic of the genus Hdmintho- 
sporium consist of sporophores emerging from the substratum singly or 
in dusters, or more rardy arising as a dense, vdvety layer. After 
attaining a certain length and becoming usually one-to-several-septate, 
depending somewhat on the spedes, a spore is devdoped at the tip. 
After the latter has reached a certain degree of maturity the sporophore 
continues to grow near the ppint of attadiment of the fimt, pushing aside 
the first spore, and producing another spore a little farther on. A number 
of spores are thus produced, which, with the exception of the last one, 
usually fall off or are blown off in nature, their places of attachment 
being marked by a series of geniculations bearing a dark scar at the apices." 
In most foliicolous spedes, the sporophores as collected in the field show 
branching in only relatively infrequent instances, although a few forms 
exhibit a more readily demonstrable tendency toward ramification. 
In H. ravenelii branching of the sporophore is, however, very abundant 
and accounts in a measure for the dense, vdvety texture of the crust. 

I Length, width, color, frequence of septation, and general habit of the 
sporophore, wUle of considerable value in the diagnosis of some spedes 
and consequently always to be given consideration in specific descrip¬ 
tions, in general leave much to be desired in distinctiveness^ 

Hie mode of emergence from the epidermis of the host is usually not 
especially characteristic. In the case of those grasses having small 
leaves provided with a relatively delicate epidermis emergence usually 
takes place in an altogether miscellaneous manner, dther from the 
stomata or between epidermal cells, la the case of those grasses of 
whidi the epidermis is mechanically somewhat, s^x^per, as in barley or 
barnyard grass, the sporophores, ^edally in beginning before the 
leaf tissue becomes dutorted by duivelii^, show a tmdency to emerge 
from the stomata, although emergence b^ween ^dermal cells is never 
unemnmon. Hie only instance observed by the writer where the sporo- 
I^ores ai^ear to be entirdy confined to the stpittete ^ ^ Helrnm- 

thospormm turcicum on com leaves, the Ic^ealbip^ioQn hare being readily 
attributable to the character of the ^Mdeimte, in this host is of 
; unusual mechaniod strength, the stomata on otw hand being large 
^ and uniformly distribitted. ^xirophoieg Jdil^ .1^^ aingly, or in clu^ 
ters ranmg in numbers from 2 to 5,6, or Jtemi 7. Small clusters usually - 
' are proliferated nearly ^ultantou^;' where the numbtf 

rims up to half a dozen, some <A 't h i B ' ‘< ^te^t>|ihores are usually youngjer, 
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having been developed after the first two or three had perhaps commenced 
to proliferate spores. 

f By far the most di stinctive ch ar^teristics for taxonomic puippses • 

'axe to be found in the spore. Within the genus these structures show 
an unusuar’taSige' of diilerence with regard to size. Those of Helmittr 
thosporium giganieum, for example, which are among the largest repro¬ 
ductive bodies produced by any group of fungi, exceed those of the smaller 
species like H. dematioideum^ahout twice in width and ten times in length, 
although the latter can not be regarded as especially small. The length 
of the spore, particularly in the case of those species in which this body 
is nearly colorless and straight cylindrical like H. iritici-repentis Died. 
IL bromi Died., H. teres, and H. giganieum, is subject to great variation, 
the length of the smaller ones often scarcely exceeding their width. 

^or this reason (the magnitudes approaching the maximum are to be» 
regarded as the more^cEaft^mstic of the ^lecies; (The width of the I 
spores of any particular species on the other hand is much more apt to be I 
nearly uniform, regardless of considerable differences in length.^ 

With respect to c olora tion, the spores represented in the genus exhibit 
all gradations between the subhyaline condition present, for example, 
in Helminihosporium gigarUeum and H. tritid-repentis, to the dark 
olivaceous hue characteristic of H. sativum and a considerable number 
of closely related congeneric forms. Most of the species are interme¬ 
diate between these extremes—^yellowish, yellowish brown, and brown. 
A few species have spores with subhyaline end cells, all the other cells 
being uniformly dark; or the middle cells may be dark, with the color 
becoming perceptibly fainter toward the ends. 

The spores of most forms of Helminthosporium are characterized by | 
some neculi aritY in sha oe by which they can be often recognized with a | 
high degree of certainty. The general contour may be straight cylin- i 
drical as in H. avenae Eidam, curved ellipsoidal as in H. sativum, or 
tapering toward the tip as in if. dictyoides. The basal end is usually 
most characteristic. In if. teres, the proximal cell is hemispherical; in 
H. bromi, hemi-ellipsoidal; in if. tritici-repentis, elongate conical with 
rounded apex, thus crudely suggesting in outline the top or bottom 
aspect of a snake’s head. In if. monoceras, the basal half tapers grad¬ 
ually toward the basal end, which is abruptly rounded off; in if. turdcum 
the tapering is more abrupt and continues to the insertion of the hilum. 
The same is true in H. micropus except that here the extreme basal end 
is drawn out somewhat, the contour being slightly concave near the 
hilum. In this connection it may be stated that the hilum—^that is, 
the more or less calloused fcgion at the base of the spore, marking the 
place of attachment to the sporophore—^may be represented by a con¬ 
spicuously protruding modification as in the two species last mentioned; 
or, as is much more frequently true, it is visible as a dark spot situated 
altogether within the amtour of the spore wall. In a few species the 
hilum is not at all conspicuous, as in H. giganteum, where it appears 
as a small wedge-shaped basal prolongation, with a delicate single- 
contoured confining membrane. 

As a good deal of the taxonomic literature based tm dead herbarium 
material gives a wrong impression of the structure of the spore, par¬ 
ticularly with refm^os to its walls and septa, a few remarks may be 
justified here. Tlie developing spore remaim non^ptate during the 
earlier stages oi growth, usually until its definitive size has been largely 
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attained. Cross walls then appear, the first formed segn^nts being 
further reduced in size by later successive divisions. Aluough at the 
time a segment has just undergone division, the appearance under the 
microscope is that of a thin line extending across the spore, the proto¬ 
plasts thus delimited soon round up along the zones where cross walls 
ere in contact with the external wall. The latter in the h3raline-spored 
forms seems to undergo no readily perceptible increase in thickness; in 
the dark-spored forms the subsequent apparent increase in thickness is 
quite considerable. In the process of maturation the individual seg¬ 
ments appear to deposit a membrane of their own, the matured spore 
thus consisting of the miginal outer spore wall, inclosing a row of 
more or less independent segments, like peas in a pod. In some species, 
as for example, Helminfhosporium leersii, vdiere the outer wall is 
relatively delicate, these segments may be removed readily from their 
enveloping membrane by tapping or gently pressing on the cover glass. 
The process often results in no injury at all, each segment being capable 
of germinating independently and promptly. 

' 'Rie mode of germination characteristic of a species usually bears a 
metre or less apparent rdation, both to the shape of the spore and the 
structure of its wall. In most of the forms with cylindrical hyaline 
spores, where the peripheral wall is everywhere uniformly thin, germ 
tubes are produced more or less indiscriminately from all segments, 
basal, apical, and intermediate. In the species with tapering spores, as 
H. dictyoides, for example, one germ tube usually arises from the distal 
cell, and one or two from the larger basal cell, the intermediate segments 
rarely participating directly in the process. ^ The germ tubes are not 
polar in position, but arise from undifferentiated regions usually laterally 
or obliquely at some distance from the hilum or the extreme apex. The 
fully matured spores of H. saiwum and closely related species have two 
perceptibly thin places in the pmpheral wall, these bring located at the 
tip and at the base of the sp^, in the latter case occupying a narrow 
zone adjacent to and surrounding the hilum. These areas may be 
dearly seen, ior example, in H. monoceras. Hrie nomal germination 
takes place by the production of one germ tube from the thin-walled 
region at the tip, or from that near the hilum, or more often from both; 
never from the intermediate segments, unless, as has been mentioned, the 
latter have been partly exposed or c(»nidetriy libetated from the en¬ 
veloping wall by manipulation or mechanical injury. In some other 
forms like those later diMussed under the names H. htdodes, H, rostraium, 
and H. oryzae, germination cff entirely mative spores takes, place as in 
H. sativum and H. monoceras; but not inhequently newly prdiferated, 
subhyaline spores, the walls of wfaidi have net become thi^ened, can 
be seen to produce, in addition to the two pdar germ tubes, one or more 
tubes from the middle oe& as writ 

A modification oi the s^ta, viribtein the spores oi some species, and 
undoubtedly ixesent in othoa, may be not witiumt significance in germi¬ 
nation. If the cross wa& ol lar^, subhimlto&^KNM forms, like Net- 
mintiosporium teres or H. g^anieum, are diosriy examiaed a small circu¬ 
lar i^x>t having perhaps oiw-fifth or onerfourth the ^Stourter qf the aporo 
may usually be datii^imhed. It is diffiodt in determine whether tins 
tejnesents an open comnmnlcatichJlt^ween tite w^pnents or merely two 
opposed pits in tto adjacent segment WiHa. The ^pftearaace oi these 
walk kpdatmidyzed^deads|nms suggest that t 3 ie latter ahenwtive 

is the more probable one, a st^sestitm that is st^^orted by the fact that 
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each segment suffers death independently of the others. There can be 
little doubt, however, that this modification provides means of com¬ 
munication between adjacent living segments. Such a communication 
would manifestly be of importance especially in those species in which 
germ tubes are produced only from the two end cells. There are, it 
may be mentioned, peculiarities in the germination of some species 
that can not be definitely ascribed to the structure of the septa or of the 
peripheral wall, or indeed to any demonstrable structural feature; as, 
for example, the productiptr of tinee germ tubes from the basal cell of 
H. dematioideum, or th«*^oliferation of clusters of tubes from the end 
cells or middle cells in H. giganteutn. 

It is interesting to note that if leaves bearing actively sporulating 
fructifications of forms possessing thin-walled, hyaline spores, like 
Helminthosporium teres or H. bromi, are examined under the microscope 
by reflected light, it will be seen that the mature spores l)dng about in 
some abundance are badly distorted and their walls utterly collapsed. 
When these spores are mounted in water, most of them instantly become 
turgid, and at a suitable temperature begin to germinate within 30 
minutes, diowing that the collapsed condition is by no means an indica¬ 
tion of deatii. Dead spores or dead segments of partly living spores, 
also present in a preparation, recover their former size and shape very 
largely, although not wholly, but are readily recognized by their abnor¬ 
mally swollen membranes and coarsely granular contents made familiar 
by Ae drawings and descriptions of many authors, who unfortunately 
regarded them as normal. Although some authors report germination of 
spores exhibiting such swollen walls presumably in all sepnents, either 
as a result age or the application of reagents, the writer has never 
observed an instance of viability in such material. 

x Germination is usually accompanied by conspicuous protoplasmic 
changes beginning in the segments concerned, and finally involving all 
the segments of one spore. The contents lose their uniform hyaline 
structure, becoming minutely granular or uniformly vacuolate, or more 
usually both granular and vacuolate. The germ tubes and mycelium 
in general vary somewhat with the different species. All the species 
to thriw on the culture media commonly employed in laboratories, 
which fact, together with the large size of the spores, makes the members 
of the genus among the fungi most easily isolate and cultivated. Not all 
of the species, however, can be made to sporulate in pure culture, tho^ 
possessing hyaline spores— Hebninthosporium bromi, H. iritid-repentis ,, 
etc.—being especially refractory in this respect. The majority of 
forms with danc spores, on the other hand, sporulate quite readily and ■, 
even abundantly, although the spores thus produced may depart some¬ 
what in shape and size from those produced under ordinary field condi¬ 
tions. This is particularly true of H. sativum, where the spores, instead 
of being kmg slender-allantoid, become shorter, thicker, and nearly 
straight. When media containing a large amount of nutrient is em¬ 
ployed, an abundant ^v^pment of my^um usually takes place and 
sporophores are jnodneed in great numbers, jf Growln, however, soon * 
comes to a !^andstill, leaving the spbrophores ^ort, and bearing only a 
few sporesi the' latter frequently being abnormally short. In such cases 
mote sattsfact«»y results can be obbuned by the use of media containing 
little nuttknt, as com-meal-decoction agar or tap-water agar. If such 
culturn are protected ftom evaporation, the relatively smafl number of 
sporophores will canttnue to grow for several months, producing scores of 
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fairly characteristic spores in a dense racemose cluster. Sporophores 
thus produced may show a tendency to branch, not usually observable 
in material collected in the field. * 

A process* quite analogous to germination may be observed in the 
proliferation from the spores of Hehninthosporium gromineunt, of short 
sporophores in the regions where ordinarily germ tubes appear. These 
bear a variable num^ of secondary spores that may usually be dis¬ 
tinguished from the primary spru-es by their smaller dimensions. When 
this takes place while the latter are still attached to the sporophore, 
the whole apparatus may bear a partial resemblance to an Altema^ 
fructification. A somewhat simUar condition appears to obtain quite 
normally also in H. caienarium, the fungus parasitic on wood reedgrass 
(Cinna arundinacea L.), where, however, the secondary spores more 
often are borne directly at the tip of the primary one, wmdi thus coines 
to bear two hila. When grown in culture, this species develops ramif3dng 
fructifications in which a series of spores alternating with short sporo- 
{Aoric hyphae bear short sporophoric processes from the end cells. In 
fructifications of this type, the distinction between sporophore and 
spore is at least partly obliterated, the two types of structures merging 
into one another. This miscellaneous type of growth may be observed 
when H. teres, H. cyclops, and even H. sativum are grown on artificial 
media. This grow^ is apparently encouraged by moist conditions, 
although, as has been indicated, it appears to occur in nature in the case 
of H. catenarium and H, gramineum. 

f It may not be out of place to mention a peculiarity in the growth of 
the mycelium of most species of Helminthosporium whidi, although 
perhaps not confined to this genus-, may not be without significance. 
If, for example, a number of spores of H. bromi are mounted in water 
and two come to lie in cont|K^ with each other, it will be seen that usually 
one or more pairs of germ tubes are proliferated from appoximately 
opposite positions and immediately an astom ose, thus umtmg the two 
spores by several short hyphal connections. (H. 8, Dc.]) This tendency 
toward anastomosis is expressed even more strongly in the mycelium 
that develops somewhat bdow the sinface of agar ctutmes, and may be 
studied conveniently by cultivating the ftmgus on poured plates, the 
anastomosis occurring abundantly near the lower st^ace of the agar. 
Some of the cells involved in these hyphal fusions swell into subglobose 
bodies and proliferate short irregular processes of inflated segments, the 
whole resulting in small, dark brown, knotty messes of mycehum. ^me 
of these continue to increase in size, develq>ing into uie subsjflierical 
sclerotia, readily visible to the naked eye, the ^<tfuse occurrence of which 
in culture is a distiiffludiing mark of this species. Although the writer 
has not succeeded in cultivati^ thme sclerotia further, there can be 
little doubt that they represrat immature peritheda, as they are entirely 
similar to the immature peritheda found on leaves of the natural host 
in fall. The inference is further strengthmied by the fact that other 
spedes rtf Helminthosporium, H. teres and mati^epenHs, of. whidi 
asdgerous conditions are known, diow these stsnctures in abundance. 
The writer is,indined to bdieve that in whatever , (modes sudi sderotia 
or abundant anastmnoses (resultit)^ m. the produo^ (tf cmnitfexes of 
lobuiate s^;ments) are Imtiid to occur, peritheda may be sought -with 
oonsiderable prospect o^sue<^« 




MqrAiM GramifiicoloiiS Spccies of Helminthosporium 649 


Ascigerous foras have been reported for a relatively small number of 
species of Helminthosporium parasitic on grasses, lliese are all readily 
refo'able to the genus P5Tenophora Rab. or to Pleospora Fries, depending 
on the presence or absence of bristles on the perithecium—a basis for 
generic distinction, wUch, while regarded by Winter (159, p. 493) with 
considerable justification as inadequate, has been recognized as valid by 
Saccardo {128, v. 2, p. 238) and Lindau {82, p. 429). Helminthosporium 
bromi, H. tricici-repeniis, and H. teres have associated with them in this 
countiy ascigerous forms belonging to the genus Pyrenophora that occur 
in great abundance on dead host material in spring, Pyrenophora Ures 
(Died). {=‘Pleospora teres Died.) being found on the spike and culm of 
barley straw, Pyrenophora tritici-repentis (Died.) { = Pleospora tritici- 
repentis Died.) on the culm, and in slight measure on the decaying leaves, 
of quack grass, while Pyrenophora bromi (Died.) { = Pleospora bromi 
Died.) is very abundant on the leaves of awnless brome grass, Bromus 
inermis L. In the latter two species the perithecia usually reach perfect 
development, asci and ascospores reaching maturity early in May near 
Madison, Wis. Material collected at that period exhibited abundantly 
the preliminary swelling and circumscissile rupture of the ascus preceding 
the simultaneous expulsion of the spores from near the base of the 
dehiscing structure—a mode of discharge observed by Porter (no) in 
species of Pleospora, and in the species under consideration by Diedicke 
(28) as well as byAtanasoff (2). 

Pyrenophora teres, on tlie other hand, probably does not form alto¬ 
gether normal ascospores, if the observations made in the spring of 1919 
and 1920 may be taken as typical. The ascus may remain undeveloped, 
showing no trace of young ascopores; or ascospores may be delimited, but 
become arrested in their development before or after septation has oc¬ 
curred; or certain segments of the spore may develop normally, the 
others eventually collapsing, giving rise to the unsymmetrical spores 
shown in Plate 3, D. As Diedicke (29) and Noack (95) have shown, the 
developing perithecia or sclerotia begin to proliferate condiophores with 
the advent of suitable conditions; and a perithecium involved in the pro¬ 
duction of conidiophores is not likely to show any further development of 
its ascospores. The production of conidia usually is large in the case of 
the scderotial form on barley; moderate in the case of Pyrenophora tritici- 
repenUs; and small in the case of Pyrenophora bromi. The latter species 
is probably the only one in which the production of ascospores plays an 
essential part in the resumption of growth in spring; for, as a rule, in the 
forms on quack grass and barley, the conidia produced on the sclerotium 
or immature perithecium would appear to play a relatively larger part in 
effecting early dissemination on the young host plants. In ^e case of 
the forms wi^ dark, thick-walled spores, as for example, H. sativum and 
H. vagans, with which neither sclerotia nor perithecia are known to be 
associated, the conidia are found to germinate readily in spring, since 
exposure in winter does not bring about any very decided diminution in 
viability. Coni^ of H. sativum, H. oryzae, and H. raveneln will ger- 
upienate well one year after their formation, whereas those of H. bromi, H. 
kiticirrepewUs, and H, teres are mostly dead within one or two months. 
The absence of an ascigerous stage from the life history of the former 
species, and its presence in the latter, are probably not without signifi¬ 
cance in relation to the longevity of the conidia. 
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HELMINTHOSPORIUM GRAMINEUM RAB. 

Brachysporium gracile (Wallr.) Sacc. var. gratnineum (Rab.) Sacc. 1886, in Syll<^ 
ftmgonim, v. 4, p. 430. 

Napictadium hordei Rostrup 1893, in Sygdomme hos landbrugsplanter foraarsagede af 
Snyltesvampe, p. 130-132. 

Hehninihosporium gratnineum (Rab.) Erikss. X885, in Fungi par. scand. exs., no. 187. 
Heierosporium gratnineum of Oudemaas, not Rabenhoist. 

The binomial Helminihosporium gratnineum was applied by Raben- 
horst^ to a fungus occurring on leaves of barley (Hordeum vulgare L.) 
collected at Poppdsdorf, Germany, June, 1856, and distributed as No. 
332 of the Herbarium Mycologicum. The pieces of leaves and stem that 
constitute the specimen deposited in the Herbarium of the Ofi&ce of 
Pathological Collections are too small to show any possible characteristic 
pathological effect; and the fructifications of the fungus are in a condition 
that would appear to make its identification with any particular one of 
thd three congeneric species now known to occur on barley a matter of 
great uncertainty. ]^benhorst regarded the fungus as related to 
Helminihosporium gracile Wallr. but differing from the latter in that its 
/ spores were solitary, elongated-cylindrical, and 3 to 6 septate. Ap¬ 
parently, in acccurdance with this view, Saccardo {is8, v. 4, p. 430) at 
first reduced the form to a variety of Wallroth’s species, which, more¬ 
over, he transferred to the genus Brach5rsporium. Later, however, he 
listed it as an independent species {128, v. 10, p. 613). 

In 1886, Eriksson* distributed as Helminihosporium gramineum (Rab.) 
Erikss. specimens of diseased barley collected near Stockholm, Sweden, 
during the preceding season. The label includes a short revision of the 
specific diagnosis; 

Hyphi conidiophori solitarii vel 1-4 aggregati, subflavi 1-5 septati, denique saepe 
angulato anfracti. Conidia subfiava, recta, elongate cylindracea, 1-5 septata, 50-100 
ftlonga, 14-aoMlata. 

Although this characterization applies better to the parasite causing 
the stripe disease than to that responsible for net-blotch, Eriksson 
apparently did not distinguish between the two. At any rate, the 
specimen in the herbarium of the Office of Pathological Collections shows 
lesions of both diseases; and in an account (37) of the ‘‘leaf spot disease” 
(plod fl&ckensjukdom) he reported most of the plants to have been affected 
more or less, while a relatively small jn-oportion (i to 5 per cent) were 
affected so badly that no heads were developed. It may readily be sup¬ 
posed that the less severely diseased plants were maiifiy affected with 
net-blotch instead of with stripe, a supposition supported by the descrip¬ 
tion of the foliar lesions as elongated dark brown spots with fight margins. 

Von Post (in), wcnrking independently of Eriksson, in 1886 published 
an account of the ‘‘brown strijM disease” {brunrandsjukdom) of barley, 
that had been very destructive at Ultuna, Sweden. The longitudin^ 
yellowish streaks, ^aracteristic of all the leaves of attadced individual 
plants, suggestive of the validation of ribbon grass, and later changing 
to brown or yellowish brown; Bie dying of the plants before the develop¬ 
ment of spikes, the systemic distribution of the fungus (indicative of 
seed transmissal and seedling infection) provide conclusive evidence 
that this investigate was dealmg exclusively with the stripe disease. 


4 Rabvnhorst, G. l. KLOTzaam mumjocam vivux Kvoobocucinc mmn mtootam rat totam 
CJttMAmMiH cmwcmrrmu coiabcyionbm mumcTAX... Bd. 11, Centufy 111, no, x8s6, 
^EiuKam, J, yvNOi FAHAama acAKDiNAyiCi muscAn no, sir* H^mmihospcnom ffroo 
8 tockboim,Swodoa, 
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The conidial form that von Post observed developing on the brown 
areas of affected leaves he identified with Helminthosporium gramineum 
Rab. as defined and distributed by Eriksson. 

Rostrup (123), in 1888, described a disease characterized by symptoms 
and development similar to those described by von Post, which had been 
doing considerable damage in certain sections of Denmark, and which he 
attributed to a new species of Napicladium, N. hordei. 

In 1892, Pammel (102) reported a destructive disease of barley from 
Iowa, which obviously was identical with that described by von Post, 
being evidenced long before heading time by the presence on all the 
leaves of affected individual stools, of pale yellow streaks extending 
from base to tip, premature death, and subsequent tearing of the foliage 
into shreds. Pammel identified his fungus with the one distributed by 
Eriksson as Helminthosporium gramineum Rab. 

Publications by Ritzema Bos (120) and Frank {43) are evidence that 
the same type of malady appeared and caused losses during the next 
few years in Holland ana in Germany. However, Ritzema Bos’ figures 
of the foliar lesions as well as of the 8-septate spore, and the description 
of the symptoms in Frank’s earlier account {42) leave a suspicion that, 
like Eriksson, these authors were dealing not with stripe alone, but also 
with net blotch, and failed to distinguish between tlie two diseases and 
causal organisms. 

Rostrup (123) appears to have been the first investigator to recognize 
that barley was affected by two different diseases caused by two distinct 
related fungi. However, as he associated Rabenhorst’s binomial with 
the cause of the less destructive “leaf spot disease’’ (bladpletsyge) instead 
of with the “stripe disease’’ (stribesyge), and attributed the latter to a 
different although related genus of fungi, the prevailing taxonomic con¬ 
fusion was not immediately settled. Indeed, it was not until the appear¬ 
ance of Ravn’s detailed papers (175, 116) that the ambiguity, which 
Eriksson’s publications had originally introduced, was disposed of 
effectively. Ravn assigned the parasite causing stripe to Helminr 
thosporium gramineum !^b., reduced Napidadium hordei Rostrup to a 
synonym, and distinguished the fungus very clearly, with regard to 
morphology and pathogenicity, from the congeneric forms causing net 
blotch of barley and leaf spot of oats. 

y While Ravn’s papers (77 5, 116) thus left no further occasion for con¬ 
fusing Helminthosporium gyamineum with H. teres, it did nothing to 
distinguish it from H. sativum, a species later descril^ from the United 
States, but the occurrence of whidb as a third congeneric form parasitic 
on barley has not been recognized in Europe. As will be pointed out in 
another connection, the European literature is not devoid of ambiguous 
accounts, of which Massee’s treatment (po) of barley leaf blight may be 
taken as an example, indicating that H. sativum is certainly not altogether 
absent, but usually is mistakenly recognized as H. gramineum. And a 
similar condition obtains in the writings of investigators in America and 
other countries. 

Yet after allowances for erroneous diagnoses are made, stripe remains 
one of the most important and widespread diseases of barley. In Europe 
it has been reported not only from Sweden (rrr), Denmark (775), Ger¬ 
many (42), and Holland (120), but also from England by Prain and 
Percivid (7x2) and Biffen (rj), from Ireland by Jonnson (72), and from 
Russia by Ja^ew^ (66). According to the recoils of the Plant Disease 
Survey, it is found in most of the States of the Union, apparently wherever 
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b^ley is grown to any extent, the damage varying from a relatively small 
amount to approximately one-fifth of the crop. From Canada the 
disease has been reported by Giissow {4S) and by Fraser (45). Hauman- 
Merck {52) noted the prevalence of Helminthosporium gramineum on 
barley in Argentina to an extent unknown in Central Europe. Yoshino 
{161) and Ideta (65) have recorded the disease in Japan, where Hori 
(63), in 1918, observed an unusually severe outbreak. Chou (20) notes 
Pleospora graminea Died, on barley among the pathogenic fungi prevalent 
in Uie locedity of Nanking in China. In India, the stripe disease has been 
studied by Butler (19), who states that the damage caused in that country 
is less than that recorded in European literature. 

The symptoms of the stripe disease were described correctly by von 
Post (in), Pammel (102), and Rostrup (124), and in an especially 
detailed manner by Ravn (113). The first evidence of infection may 
often be recognized in the unfolded leaves of young seedlings by the 
presence of small pale spots, although generally at this stage the mani¬ 
festations of abnormality are not pronounced.' Later, usually about 6 
weeks after sowing, after a number of leaves have become fully developed, 
these organs begin to show longitudinal, etiolated, yellowish stripes, 
often extending from the base of the blade to the tip. A single broad 
blade may. show from 5 to 7 of these stripes although a smaller number 
is much more common. Not infrequently the stripes are interrupted 
and are thus replaced by numbers of elongated yellowish streaks. In 
any case, the similarity to ribbon grass then constituting one of the most 
striking characteristics of the disease, is soon modified by the appearance 
of dark brown discoloration in longitudinal elongated streaks. These 
brown discolored streaks are most apt to occur especially at the margins 
of the yellowish stripes, the tissues of which have now become dry and 
brittle, but often extend also as brown lines beyond the base of the blade, 
into the upper portions of the sheath. Often the brown streaks are 
separated from the remaining healthy parts by a yellowish zone within 
which the chlorophyll has largely disappeared. At this intermediate 
stage, especially when the brown streaks are short and relatively wide, 
the disease is apt to be mistaken for netblotch or spotblotch. Later 
the likelihood of a wrong identification is again diminished, for finally 
the remaining green tissues are also involved, the yellow and brown dis¬ 
colorations gradually fade into a uniform dark gray or brownish gray, 
the dead, rather brittle tissues split freely, and a dark efflorescence con¬ 
sisting of the abundant fructification of ^e parasite makes its appear¬ 
ance on the longitudinal foliar strips. (PI. i. A.) As the mechanical 
rigidity of the diseased leaf tissue becomes greatly lessened during the 
later stages, the leaf blades or their shredded remains (PI. i, Ab-e) usually 
droop or hang down in a characteristic way. 

The effect of the parasite on the stem is equally pronounced. The 
dongation of this organ incident to heading, espedally of the uppermost 
internodes, is considerably reduced or sometimes almost entirely sup¬ 
pressed. As a result the height of the plants is correspondingly reduced, 
diseased specimens generally not attaining much more than half the 
hei^t of healthy individuals. Most frequent^ the spike never becomes 
visible, but remains entirely enclosed in the basal portion of the upper 
leaf sheath. In other instances, the inflorescence is thrust into the upper 
part of the upper leaf sheath, and, failing to emerge normally, protrudes 
partly from the opemng on the side of the latter. (PI. i, A.) This abnor¬ 
mal mode of emergence generally involves some distortion of the awns, as 
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these tend to remain wedged in the sheath, from which, indeed, they may 
fail to become completely liberated. The condition thus brought about 
is in a measure characteristic of the disease, although Heg)d (57) reports 
a similar type of malformation due to the attack of aphids and to a 
period of cold weather at a critical time just before heading. In a 
relatively small proportion of plants, the inflorescence emerges from the 
sheaths, but for a smaller distance than in normal plants. However, 
even then the ovaries rarely develop anything beyond abortive seeds, 
the enveloping lemmas and paleas showing a decided brownish tinge. 
Viable seed certainly is not generally produced, the few instances recorded 
by Ravn being apparently more or less exceptional. 

In southern Wisconsin, the life of diseased plants usually comes to an 
end between June 20 and June 25, depending to a large extent on the 
earliness or lateness of the season. Allliough at first re^ily distinguish¬ 
able in the field, the dead plants are soon hidden as a result of the con¬ 
tinued growth of the healthy individuals. By harvesting time, ordi¬ 
narily soon after the middle of July, they have usually collapsed to such 
an extent that their remains are not found without special search. 
Owing to the production of immense numbers of fructifications during 
the several intervening weeks, particularly on the dead foliar parts, the 
spores of the fungus may be distributed to the floral parts of healthy 
plants. The experimental work of Ravn showed that ^e reappearance 
of the disease in successive seasons is due to the resultant contamination 
or infection of the seed with spores of the fungus. When seed thus 
naturally inoculated germinates, the seedling tissues are immediately 
infected. As the growth of the fungus keeps pace with that of the host, 
the parasite maintains itself in the growing point and, indeed, in all 
parts of the plant, even when at the time no outward symptoms are 
visible. The development of the disease, including its eventual mani¬ 
festation toward flowering time, thus presents a striking analogy to that 
of the systemic smut diseases, and is brought about by a similar mode 
of parasitism of the fungus concerned. To this manner of development 
also must be attributed the fact observed by von Post (r/r), Rostrup 
{124), Pammel {102), Ravn {113), and others that the affected single 
individual plants or affected stools are quite uniformly diseased in all 
their parts, and are, with possible rare exceptions, totally destroyed. 
The use of terms like “moderate,” “slight,” “more or less,” while not 
inappropriate in describing the extent to which a barley crop may be 
affected by stripe, is altogether inapplicable in describing the severity 
of attack of individual plants, and can in such connection be interpreted 
only as evidence indicating an erroneous diagnosis. 

While in morphology Helminthosporium gramineum exhibits no striking 
characteristics, the writer is of the impression that its similarity to 
other congeneric species, particularly to those occurring on the same 
host, as well as on other cereals, seems to have been somewhat exag¬ 
gerated. It is certainly conspicuously different from H. sativum, and 
is usually not so difficult to distinguish by microscopical examination of 
its fructifications from H. teres and H. avenae as Ravn’s statements 
might lead one to believe. The sporophores occur usually in clusters 
of 2 to 6, fascicles of 3 to 5 being common (PI. i, Ea-Ee), whereas the 
corresponding clusters of H. teres (PI, 2, Ea-Ec) and H. avenae (PI. 4, 
De-Dg) rarely include a larger number than 3. Although, just as in the 
latter two spedes, the basal segment is considerably distended, the 
width of the sporophores of H. gramineum is perceptibly smaller in the 
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distal portion, measuring usually approximately 6 m as compared with 
7 to 9 /ii for those of H. teres and H. avenae. 

The spores vary from subhyaline when newly proliferated to yellowish 
brown when fully mature, never, however, becoming dark olivaceous, 
like those of //. sativum. They are (PI. i, Ba-h) typically straight or 
very slightly curved; subcylindncal, but quite frequently widest in the 
basal portion and tapering more or less toward the apex. Both apical 
and basal ends are rounded off, abruptly presenting a hemispherical 
contour. The peripheral wall is relatively thin as in o^er species having 
subhyaline or light-colored spores. The septa vary from i to 7 in all 
the material the writer has had occasion to examine, and are only infre¬ 
quently associated with perceptible constrictions (PI. i, Bf, h), while in 
the spores of H. teres (PI. 2, Ca) constrictions are more common and often 
moderately pronounced. Germination takes place promptly when the 
spores are mounted in water, usually within 30 minutes. Germ tubes 
are proliferated usually from both end segments and from several inter¬ 
mediate segments, the numbers produced from the basal segment varying 
from I to 3, while the other segments rarely give rise to more than one 
(PI. I, Ca-d). 

A phenomenon undoubtedly related to germination is the production 
in nature of secondary spores or short secondary fructifications from 
primary spores, that in this species occurs to a greater extent than in the 
other congeneric forms parasitic on cereals, and which suggests com¬ 
parison, for example, to H. catenarium. The secondary spores are not 
generally produced directly on the apex, but on a sporophoric process 
arising from the apex (PI. i, Dc, e) or obliquely from the apical cell 
(PI. I, Da, d) or less frequently laterally from the basal segment (PI. i, 
De). Not infrequently the process remains short and gives rise to only 
a single spore (PI. i, De), while again it grows out into a sporophore bear¬ 
ing half a dozen spores (PI. i, Dc). Evidently such secondary develop¬ 
ment may take place after the primary spore has becoxne det^ed from 
the sporophore on which it was borne, as it usually is associated with a 
collapse of some or all segments of the primary spore involved (PI. i, Da). 
The secondary spores (PI. i, Dca-cc, Dda) may be nonseptate or diow 
I to 3 cross walls; they are, in general, decidedly smaller than the pri¬ 
mary ones, the minimum dimensions approximating ii by 20 (PI. i, 
Dca-cc, Dda). As the smaller individuals of the one order can not be 
readily distinguished from the larger individual of the other, all grada¬ 
tions may be found between these magnitudes and the maximum dimen¬ 
sions of the primary spores, 20 (i for width, 105 u for length. The maxi¬ 
mum measurement for spore length of H. gramineum is &us barely two- 
thirds as large as that of H. teres —a fact of great importance in ideati- 
f}ring the species by microscopical examination. 

Diedicke (29), in 1903, reported from Germany the discovery of an 
ascigerous stage of Helmini^sporium gramineum in a species of PJeo- 
spora, which he found to correspond fairly well to P. trichostoma (Fr.) 
Winter. However, as the latter appeared to include a number of forms 
parasitic on different hosts but not interchangeable in their host rela-, 
tions, he reguded it as a collective species, and separated it first into a 
number of biologic races {28) which later he recognized as individual^ 
species (29). The perithecial fcam collected on old bariey straw in a. 
field that had been siffected severely arith the stripe disease was accord¬ 
ingly referred to a newly derived species, P. g/ra/mnea. On inoculating 
barley leaves with sclerotia oi the fimgwt, typical symptoms of stripe ^ 
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are reported to have appeared in a number of cases, thus presumably 
establishing its identity. Diedicke’s findings were confirmed by Noack 
(95) who, working independently, studied apparently the same ascigerous 
fungus collected on barley stubble in Hesse, Germany. Using conidia, 
ascospores, and sporulating material of host leaves, Noack secured 
infection by inoculating the first leaf of barley seedlings when it had 
attained a height of only several centimeters; and also on plants about 
4 weeks older. The symptoms induced in the young seedlings were 
systemic, whereas on the older plants local infections manifested by the 
jippearance of brownish spots were obtained. 

The work of both Diedicke and Noack is open to the criticism that ill 
was not done in connection with parallel infection experiments carriec^ 
out with Helminthosporium teres, and that consequently these authors 
were, perhaps, not so capable of distinguishing between the pathological 
effects of the two related fungi as might have been desired. It may be 
mentioned that their fungus was obviously very similar to the form 
discussed in this paper as Pyrenophora teres (Died.) collected by the 
writer near Madison, Wis., where it occurred in abundance in spring on 
barley stubble apparently regardless as to whether or not the crop of the 
preceding year had been seriously affected with stripe. Recently, 
Paxton (io< 5 ) has reported the occurrence of the mature perithecial 
stage of H. gramineum on two-year-old barley straw in California. 
Transfers of ascospores to com-meal agar resulted in the production of 
conidia, which when used to inoculate barley gave rise to typical stripe 
lesions. According to Van Poeteren (109), perithecia of the parasite 
have been found on the glumes of germinated grains of barley, the seed¬ 
lings of which exhibited the symptoms of stripe. This author suggests 
incubating seed in a moist warm atmosphere for three days in order to 
determine in advance from the appearance or nonappearance of perithecia 
whether it will give rise to diseased or healthy plants. 

Of all the diseases due to species of Helminthosporium, the stripe 
disease undoubtedly has been made the subject of the largest 
amount of investigation aiming at effective methods of control. As the 
effective inoculum is presumably very largely, if not entirely, borne on 
the seed, the disinfection of the latter by the use of various fungicides 
and by the application of heat has not been without a considerable 
measure of success. Copper sulphate was found effective by Riehm 
(119) when applied in i or 0.5 per cent solution for 30 minutes; by Uind 
and Ravn (Si) when applied in 0.5 per cent solution for 4 hoiu^; and by 
Miiller and Molz (93) when applied in the same solution for 16 hours. 
Lind and Ravn (^/) obtained satisfactory results by the application of 
formaldehyde in 0.2 per cent solution for 6 hours; Sdiander (129) in 0.2 
per cent soltition for 30 minutes; and Johnson (70) in 0.16 per cent solu¬ 
tion for 3 hours at 20** C., in 0.25 per cent solution for 2 hours at 10°, and 
0.25 per cent solution for i hour at 25°. According to Lind and Ravn 
XSz) treatment with mercuric bichloride in o.i per cent solution for i to 2 
hours gives good results. Riehm (xxp) found 0.2 per cent mercury 
chlorphenol applied for 15 minutes effective. The hot-water treatment 
ed- seed for the control of stripe was found by Lind and Ravn (81) less 
^Ifective than chemicals and of value only for lightly infected seed; 
Johnson (6Sf), however, found a modified treatment with hot water 
^ hours cold, and 15 minutes at 52° C., quite valuable. A variety of 
mtermitteut hot-water treatments have been devised, consisting in dip- 
'{ihlg the seed in hot water for relativdy brief periods alternating with 
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longer periods of exposure to cooler water. Miiller and Molz {93), as 
well as Lind and Ravn (<?/), found hot-air treatment worse than 
useless for stripe, as it tended to increase the proportion of diseased 
plants; Atanasoff and Johnson (j), on the other hand, found that such 
treatment markedly reduced the disease without materially injuring the 
seed. As the disinfection of barley seed usually involves a number of 
diseases, the choice of any particular treatment often is contingent on its 
effectiveness in controlling smut, netblotch, spotblotdi, and the bacterial 
blight as well as stripe. 

Owing to the successful control of stripe by seed treatment, not mucl» 
attention has been devoted to other methods of combating the disease. 
The various reports already mentioned, of the occurrence of an asdgerous 
stage, and the statement by Paxton that 16-year old herbarium speci¬ 
mens of cultivated barley affected with Helminthosporium gramineum, 
when placed in a moist chamber, produced conidiophores and viable 
conidia from the dormant mycelium, suggest the possible value of meas¬ 
ures involving sanitation. Indeed, Frank {43), Weiss {157), and later 
Jaczevski (66) recommended rotation of crops, though perhaps more 
on general principles than because of possible experimental evidence or 
knowledge of the presence in fields of an overwintering stage playing an 
important part in establishing the parasite on successive crops. Fer- 
raris (40) recommended burning the stubble in addition to seed disin¬ 
fection. The removal and destruction of diseased plants found Effective 
in Scotland (134) would obviously constitute a method of eradication 
too laborious to be seriously considered in the United States. The 
observations of various investigators, notably of Hori (63) and of Lind 
and Ravn (81 ), show that the proportion of diseased plants is increased 
when the seed germinates in soil at a low temperature. Mfiller and 
Molz (93), however, did not find late sowing in a warmer seedbed advis¬ 
able; for, although less disease developed, the delay brought about a 
decrease in the yield. 

Von Post (ill) observed considerable differences in susceptibility to 
stripe between varieties of barley. Ravn (113) found the six-rowed 
varieties as well as the erecium types more heavily attacked, in general, 
by Helminthosporium gramineum than the nutans types, a condition 
exactly the opposite of that he found to obtain with reference to attack 
by H. teres. Kiessling (76), while unable to confirm Ravn’s findings 
regarding the comparative susceptibility of tlie nodding and the erect 
t)T)es, noted pronounced differences in the proportions of diseased 
plants present in the stands of different varieties. It is worthy of note 
that some of Kiessling’s strains, representing genetically pure lines, 
manifested with fair consistency moderate susceptibility, while other 
pure lin^ exhibited a high degree of resistance. This author urged, 
very justffiably, that the plant breeder ascertain the measure of resistance 
to stripe inherent in any varieties of barley with which he may be dealing 
and reject those lines showing marked susceptibility. 

HELMINTHOSPORIUM TERES SACC.—PYRENOPHORA TERES 

(DIEDICKE) 

Helminthosporium hordei Eidam 1891, in Der Landwift, Bd. 37, p. 509. 

PUospora teres Died. 1903, in Centralbl. f. Bakt. Abt 3, Bd. 3, no. 3, p. 53-59. 

The binomial Helminihosporium teres was applied by Saccardo (126, 
pl- S33) to a fungus collected on leaves of b^ley near Padua, March, 
1881, and figured in the '‘Fungi Italici’’ as having 3-septate conidio- 
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phores arising in a group of five from a gre^ substratum and bearing at 
the tip a single conidiinn. The latter were represented as dark green 
structures, thick walled, 4 to 5 septate, ellipsoidal or subcylindrical, 
tapering perceptibly toward the rounded ends. A part of a leaf, showing 
a green region interspersed with uniformal brown elliptical areas marked 
with ^ort, blade, lopgitudinal lines, was doubtless intended to represent 
the pathological habit of the fungus. In 1882 (127), a brief diagnosis 
of the spedes was published: 

ft Maculis oblongis aniphigenis, olivascentibtis; hyphis fasciculatis, ioo-i3oai3, 

^ylindbaceis basi subincrassatis, fuligineis; conidiis aciogenis cylindraceis, rectis 
utrinque rotundatis, iio-ii5«i8, 4-5 septatis, non constrictis, obscure olivaceis. 

Neither the figures nor the text make it possible to identify definitely 
Saccardo's fungus with any one of the three species of Helminthosporium 
parasitic on barley. The number of sporophores in a fascicle, and the 
number of septa in the spore, suggest the form causing stripe; the 
thick wall, tapering ends, color, and absence of constrictions in the con¬ 
tour of the s^re, suggest that causing spot-blotch; while the excessive 
width of the sporophore and the rdative straightness of the spores suggest 
that responsible for net blotch. Although size of spores and appearance 
of lesions dearly point away from the stripe fungus, the former is nearly 
equally applicable to the other two species, whifie the latter is scarcely 
characteristic of any. 

Nearly a decade later Briosi and Cavara ^ in an account of the fungus 
causing leaf spot of oats, recognized it as a form of Saccardo’s species. 
Oudemans (xoo), after examining Rabenhorst’s specimens of Helmintho- 
sporium gramineum, concluded that the latter fungus was identical both 
with the one redescribed by Eriksson (37) under the same name and with 
H. teres Sacc. Ravn (115), however, did not accept Oudemans’ views 
in their entirety, but in distinguishing two diseases of barley applied 
Rabenhorst’s binomial to the fungus causing stripe, and &ccardo’s 
to the causal organism of barley “Helminthosporiosis” or net blotch. 
In making these dispositions he took into consideration the destructive 
character of the parasite described by Rabenhorst in contrast to the local 
foliar lesions which, while figmed and described very poorly by Saccardo, 
he was nevertheless able to identify with those characteristics of “ Helmin¬ 
thosporiosis ” by an examination of Saccardo’s ori^'nal specimens. The 
Italian mycologist, moreover, confirmed Ravn’s opinion tiiat his H. teres 
was rite species responsible for “ Helminthosporiosis.” 

The disease itself had not escaped earlier observation by other students. 
As was pointed out in another connection, Eriksson’s specimens of Hel- 
minthosporium gramineum Rab. showed typical lesions of net blotch 
as well as of stripe; and his note on the “bladfl&ckensjukdom” indicates 
that the former was moderately abundant in the field. Kirchner (77), 
in 1891, had published an account of the “brown-spottedness” (Braun- 
fieddgkeit) of barley leaves, observed in southern Germany dinring the 
priding two seasons. The spots were described as blackish brown in 
color, narrow, often over i cm. in length, and surrounded by a narrow 
yellow zone while the leaf is still green. With the multiplication of the 
spots the leaves were observed to wither and give rise to the fructifica¬ 
tions of the fungus. Material was submitted to Eriksson, who pro¬ 
nounced the fungus identical with that distributed by him, although 
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Kirchner called attention tQ/fiie fact that up to eight septa were present 
in the spores. This f^et, together writh the relatively mild nature of the 
disease, indicates^ ^at he was most probably dealing with net blotdi. 
In 1898 Rostrup {125) had discussed a disease of barley which he desig¬ 
nated as a “leaf-spot disease” (Bladpletsyge), characterized by the 
presence, largely on the lower, less vigorous leaves, of elongated dark 
brown spots, surrounded by a narrow yellow margin. This malady, 
which was not observed to be very destructive, Rostrup ^attributed to H. 
gramineum Rab. Apparently the same trouble had been investigated 
later also in Silesia by Kidam (35), who attributed it to a new species or 
Helminthosporium, H. hordei, which he found was not transmissible to 
oats and consequently different from the congeneric parasite causing 
leaf spot of the latter host. 

The disease is evidently widely distributed in the United States, the 
records of the Plant Disease Survey containing reports of its occurrence 
in 21 States, including all the barley-growing districts of any importance. 
In this connection it may be mentioned, however, that although often 
responsible for appreciable loss, net blotch is of relatively minor economic 
importance compared to stripe or spot blotch. It is true that in Bakke's 
paper (6), which contains the first published record of the disease in this 
country, Helminthosporium teres is represented as probably the most 
serious parasite of barley. As Bakke failed to distinguish between the 
disease under consideration and the much more serious trouble attrib¬ 
utable to H. sativum, the exaggerated account of the destructiveness, 
as well as ^e somewhat inaccurate morphological treatment of H. teres, 
both of which unfortunately appear to have been incorporated in Butler’s 
handbook (rp), are readily explained. 

The course of development of netblotch has been described in detail 
by Ravn (1/5). _ In the vicinity of Madison, Wis., where in 1919 the 
writer had occasion to observe the progress of the disease, the regular 
crops ei^ibited the characteristic symptoms in small measure during 
the earlier part of the season. Later the lesions sparingly present on 
scattwed leaves were completely obliterated by the blotches 4ue to 
Helminthosporium sativum, that began to appear in great profusion at 
the heading stage about June 20. A much more favorable opportunity 
to study the disease presented itself with its development on volunteer 
plants from the latter part of August until the beginning of November, 
when netblotch was present inconsiderable abundance, to the practical 
exclusion of both stripe and spotblotch. The writer is informed that a 
somewhat suppressed manifestation of the trouble on the regular crop, 
and its extensive distribution on the volunte^ crop, is, in general, not 
altogether uncharacteristic of its seasonal occurrence in our northern 
latitudes. 

According to experiments rqwrted by Ravn {1 15), the disease is 
propagated by seed infected or contanunatecT the fungus. When 
such seed germinates at a relatively low temperatiure, as, for example, 
io° to 15° C or 1^, there results a local infection of the fiist seedling 
leaf which he designated as primary Helminthosporiosis. This is in 
contradistinction to secondary Htibnnthosporio^ resulting from infec¬ 
tion by comdia developed on the dead tissues involved in the ptimaiy 
or m subs^uently developed seamdary lesions. Oa the other hand, 
edien germination took place at a temperature of 20® C. or above, pri¬ 
mary Helminthosporiosis faUed to deveh^ even though the seed was 
Buected cm: contanunated. That such thermal relations are effective 
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in the development of primary lesions in the field was shown by the 
virtual absence of sudi lesions from the first leaf of plants resulting from 
sowings made in July and the first half of August, in contrast to a high 
percentage of infection secured from sowings made in March and April. 
The prevalence of netblotch on volunteer barley in the northern latitudes 
of our Middle Western States, where the temperature in midsummer 
ordinarily is at least as high as in Denmark, is accordingly on a priori 
grounds not to be attributed to seed infection. And, indeed, the abun¬ 
dance of the lesions on the first few leaves of a large proportion of volunteer 
seedlings in the fields kept under observation by the writer in 1919 
indicated secondary infection due to spores from stubble and other 
remains of the regular crop. 

Barley leaves affected with netblotch usually are not difficult to 
distinguish from leaves attacked by stripe or spotblotch. The presence 
of the parasite in the living foliar tissues is manifested by the appear-| 
ance of dark brown spots or streaks which at first may be barely per¬ 
ceptible, measuring perhaps not above i mm. in length, but later 
increasing considerably in size, although not frequently measuring more 
than 20 to 25 mm. in a longitudinal direction. The increase in width 
usually is relatively small. A variegated appearance simulating that 
of the foliage of ribbon grass,, due to alternately placed green and yellow 
stripes, is never produced, although the brown streaks characteristic of 
the later intermediate stages of stripe may sometimes be approximated 
in leaves affected by Helminthosporium teres. The most distinctive 
feature of the discolored areas involved in netblotch lesions is to be 
found, however, in the irregular distribution of the brown pigment, 
the latter being accentuated in very narrow lines, some oriented longi¬ 
tudinally, others transversely or obliquely to the exis of the leaf. As ai 
result, a more or less irregular dark brown reticulate pattern may be| 
distinguished within the areas of diffused brown. (.PI. 2, A, B.) Indeed, 
the pigmentation of the interstices within the reticulate pattern may 
become so reduced that the discoloration is present almost exclusively 
as a sharply defined network of brown lines. (PI. 2, B.) The resulting 
macroscopic appearance, utterly different from that characteristic of 
stripe or spotblotch, and duplicated (as far as the writer is aware) only 
in leaves of meadow fescue affected by H. dictyoides, led Johnson {3) 
to apply to the disease the descriptive name “netblotch,” which has 
since been generally adopted in the United States. The parts of the 
leaf immediately adjacent to the discolored tissue usually shows more 
or less etiolation that becomes manifest in the appearance of a narrow 
yellowish zone surrounding the spots. (PI. 2, B.) Sometimes, especially 
in incipient lesions in which the reticulate character is pronounced, the 
measure of etiolation is apparently small, and the dark brown netlike 
Ijnes are found in leaf tissue apparently very little changed. Later, 
however, all the lesions show yellow margins, which eventually become 
extended until the whole leaf blade is involved and withers from the 
tip to the base. (PI. 2, Ad, Ae.) At this stage the spots, which may 
number several score on a single leaf and often become more or less 
confluent, begin to fade from a dark brown to a more diffused dull 
brownish gray. Not much later the fructifications appear as a light 
efifforescence extending usually from .the brownish spots over the sur¬ 
rounding yellowish gray portions of the dead foliar organ. 

The injury due to Hdminthosporium teres, like that occasioned by 
most of its foliicolous congeners is thus the result of the destruction of 
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leaf tissue. As long as weather conditions are suitable, each successive 
leaf to be unfolded sooner or later becomes infected and in time may be 
killed. Plate *2, A, showing a volunteer seedling with five leaves, the 
first (PI. 2, Ae) entirely withered, the next three (PI. 2, Aa-b) exhibiting 
increasingly earlier stages, and the fifth (PI. 2, Aa) apparently healthy, 
drawn from material collected September 2, 1920, represents a rather 
severely affected specimen. It may be mentioned that after September 
15 the production of new lesions was much slower, with the result that, 
on November 3, the upper leaves of the plants, then about 2^inches tall, 
were entirely free from the disease, although fresh lesions could be 
found on the leaves lower down, while the lowermost withered foliage 
was covered with an abundance of profusely sporulating conidial 
fructifications. 

The brown or olivaceous conidiophores (PI. 2, Ea-d), emerging from 
the stomata or between epidermal cells, singly or in groups of 2 or 3, 
vary usually from 120 to 200 ju in length, and above the swollen basal 
cell, from 7 to 9 ju in diameter. They are thus somewhat stouter than 
those of Hdminthosporiwm gramineum and H. sativum, besides being less 
closdy septate, the septa occurring at intervals varying usually from 
15 to 60 /u, and averaging approximately 35 m- The writer has not 
o^rved them in fascicles of 5 and 6, indicating that their occurrence in 
groups of such number is at least less common than in the case of the 
stripe fungus. On the other hand, the conidiophores of H. teres appear 
to ^ quite indistinguishable from those of H. avenae in all respects. 

Although Helminthosporium teres has been confused with both H. 
gramineum and H. sativum, the spores of the netblotch fungus are cer¬ 
tainly not readily mistaken for those of the latter species. The writer’s 
material, collected near Madison, Wis., October 28, 1919 (after a pr6- 
tracted period of damp, cloudy weather under conditions apparently 
nearly optimum for sporulation) showed these structures (PI. 2, Ca-f) to 
vary from 30 to 175 m in length and from 15 to 22 in width. In respect 
to spore length, therefore, the species is altogether superior to the two 
congeneric forms occurring on barley and inferior to H.. hromi in approxi¬ 
mately the same degree as the latter is inferior to H. giganteum. From 
I to 10 septa were found present, the septa, after the delimited segments 
have partly rounded up, being associated usually with perceptible con¬ 
strictions in the contour of the spore. As the constriction at the proximal 
septum is especially pronounced and constant, and the basal, as well as 
the apical end, is rounded off in a hemispherical form, the basal segment 
is given a subglobose shape as characteristic for the species as are the 
basal segments of H. tritici-repentis and H. bromi. 

The spores are subhyaline in color, like those of the latter two species, 
when newly proliferated, but become greenish fuliginous or yellowish 
when older, usually, however, not assuming a tinge quite as dark as the 
brownish yellow erf fully mattited spores of the stripe fungus, and con¬ 
sequently never approximating the dark olivaceous color <rf those of H. 
sativum. Associated with this light color is a thin peripheral wall, the 
drawings of Saccardo (126) and some other authors showing the outer 
wall as a thick structure being apparently based on dead material. While 
the spores of H. gramineum usually are entirely straight, those of the net- 
blotch fungus not infrequently exhibit slight irregular crooks (PI. 2, Cf), 
in which respect as well as in the general 8^}cyiindrical shape and location 
aS the hilum within the contour ot the basal end, a similarity to H. bromi 
and H. tritici-repentis again is Evident. 
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When the spores are mounted in water, they germinate promptly, germ 
tubes being produced laterally or obliquely from intermediate as well as 
end segments, the protoplasm changing from a uniform to a regularly 
vacuolate structure. (PI. 2, Da-d.) Like those of related species they 
are relatively short lived, a considerable proportion of the segments d3ring 
during the first 10 to 15 days of exposure, and probably few surviving 
after two months. It appears very probable that Bakke’s account (7) 
of the longevity of Helminthosporium teres was based on material not of 
this species, but of H. sativum. 

On media containing little organic food material, like tap-water agar (tap 
water 1,000 cc. agar-agar 20 gm.), or Beyerinck’s agar (distilled water * 
1,000 cc., ammonium nitrate 0.5 gm., dipotassium phosphate 0.2 gm., 
magnesium sulphate 0.2 gm., calcium chloride 0.1 gm., ferrous sulphate 
trace, agar-agar 15 gm.), aerial growth, although sparse, often consists 
almost entirdy of conidial fructifications bearing spores similar in struc¬ 
ture and color to those developed in nature, but usually much shorter and 
containing only 2 to 3 septa. A strong tendency toward production of 
secondary spores is apparent also in artificial cultures, giving rise to con¬ 
ditions like those illustrated by Ravn {115). 

On media containing a large amount of organic food material, a profuse 
white aerial growth results, consisting partly of fluffy mycelium, and 
partly of more or less compact erect columnar masses. Ine submerged 
mycelium shows abundant anastomosis with the formation of numerous 
complexes composed of dark brown inflated or lobulate segments. (PI. 9, 
Fa-b.) The latter apparently represent incipient stages of sclerotia which 
on sterilized barley straw may become readUy visible to the naked eye, 
often exceeding 0.5 mm. in diameter. Ravn, although failing to observe 
ally indication of ascus formation in these cultivated bodies, nevertheless 
interpreted them as immature perithecia of a P5Tenomycete, probably 
related to Pleospora polytricha (Wall.). This interpretation was justified 
by Johnson’s {6g) discovery in Wisconsin of the ascigerous stage of the 
netblotch parasite in a fungus he referred to the genus Pleospora, the 
specific identity of the stages in the pleomorphic forms being supported by 
apparently conclusive inoculation and cultural studies. The same ascig¬ 
erous form was collected by the writer on barley straw and stubble from 
fields near Madison, Wis., late in March, 1919, as well as in March and 
April of the following year. As Diedicke {29) and Noack (95) recognized 
a similar ascigerous form as the perfect stage of H.gramineum in Germany, 
it may not be superfluous to mention that the P5rrenophora fructifications 
found on barley stubble in Wisconsin do not seem to be confined to weak 
culms such as might conceivably represent the remains of plants affected 
with stripe, but are found very abundantly on culms which, because of 
their manifest normal size and attachment to a perfectly developed head, 
can not easily be supposed to be derived from “striped” plants. (PI. 3, 
A.) Previous to the publication of Noack’s paper, Diedicke {29) had 
suggested the binomial Pleospora teres for the ascigerous stage of H. teres, 
at that time unknown, and consequently somevidiat hypothetical. 

The perithecia on barley straw (PI. 3, B) are of the same t3q)e as those 
of Helminthosporium bromi and H. tritid-reperUis. In general, however, 
they are perceptibly larger, measuring usually about 0.5 mm. in diameter. 
Although the lateral w(^ may sometimes taper toward the top, a distinct 
ostiolar beak usually is not present, and in most instances the ostiole is 
represented by a mere opening in the apical portion of the fruiting body. 
Setae may be altogether absent, or present in moderate num^ not 
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usually near the ostiole but on the lower portion of the wall. They 
(PI. 3, Ca) differ from the sporophof^ (PI. 3, Cb, Cc) usually produced in 
large numbers on the upper surface of the fruiting body in spring, in 
being dark olivaceous ra^er than of a brown color, in being more closely 
septate, and in tapering toward the tip to about one-half their basal 
^ameter. Although material of Pyrenophora tritid-repentis and P. 
bronU collected near Madison, Wis., in the spring of 1919 and 1920, 
showed asd and ascospores in excellent condition, the development of 
corresponding structures in P. teres did not go beyond a more or less 
abortive stage. In most instances the asci remained small; if ascospores 
were delimited, they usually failed to grow to normal dimensions, and 
frequently showed no cross walls. Plate 3, D represents approximately 
the least abnormal conditions found in the season of 1920, showing each 
of the asci with several obviously normal spores, the remaindo* being 
either more or less misshapen, or having one or several or all of the 
segments collapsed^ The space in the interior of the imperfectly devel- 
of«d fruiting body not occupied by asci, is filled with colorless vertically 
oriented, more or less filamentous pseudoparenchyma. As has been 
indicated in another connection, the failme of the asci to develop normally 
may be attributed to the advent of weather conditions in the spring 
encouraging the production of the numerous conidiophores (PI. 3, B), 
the initiation of which appears to involve a cessation in the development 
of the internal parts of the perithecium. As abundant moisture and a 
relatively high temperature appear to favor the conidial stage, it is not 
illopcal to expect that a long protracted period of cold, dry weather in 
spring might result in the pr<^uction of more nearly normal asci. 

Judging from the more satisfactory material examined, the asci of 
Pyrenophora teres are subcylindrical throughout most of their length, 
the proximal portion tapering toward the short stipitate base, and the 
wall of the apical end modified by a ring-like thickening. They measure 
30 to 36 by 220 to 250 fi, and contain 8 spores in distichous arrangement. 
Normal specimens of the latter are light brown in color; measure approxi¬ 
mately 18 to 22 by 52 to 60 ju; and show three transverse septa associated 
with perceptible and often pronounced constrictions. One or both 
middle segments may, in addition, be divided by a longitudinal wall. 
The protoplasmic contents appear more or less granular and vacuolate. 
Germination takes place promptly when the spores are mounted in water, 
in a manner entirely similar to ^at of the two related asdgerous forms 
discussed in this paper. 

It is difficult to estimate the measure of importance to be attributed 
to the ascospores and conidia devdoped by the perithecia in reestab¬ 
lishing the fungus at the beginning of successive-seasons. The abundance 
of these fructifications, however, indicates that they constitute a source 
of inoculum that ought not bo ^ overlooked, and cdtainly provides an 
additional reason for orop rotation, or such sanitary measures as turning 
under or otherwise disposing of the stubble of the preceding season. 
Most of the investigations relating to the control of netblotch have been 
carried out as subsidiary to control studies trf the more- destructive 
diseases affecting barley, particularly stripe, loose and covered smuts 
(Ustilago nuda and U. hordei), and ^tblotdi. In general, the seed 
treatments effective against stripe and ^tl^tch have also been found 
to reduce materially the numbtf of |»imary infections of netblotch. 
Nevertheless the literature does not seem to kidicate any treatment for 
the disease quite equalling in efficacy, for example, the various formalde* 
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hyde treatments that have been devised against stripe, or the hot-air 
treatment described by Atanasoff and Johnson (j) against spotblotch. 
Moreover, as the plant is subject to attack at any stage of growth, and 
the fungus can spread from a small number of diseased seedlings to other 
plants, reduction of primary lesions by methods aiming at the disin¬ 
fection of the seed is of relatively less value than in the case of diseases, 
the occurrence of which is contingent on seed contamination and infection 
during the germination period. 

HELMINTHOSPORIUM AVENAE EIDAM 

Helminthosporium teres Sacc. forma cevenae-sativae Briosi & Cavara 1889, in I fungi 
par. delle piante colt, od utili, no. 80. 

H»I»t»n<ilwf^onM»»a'»«nae-xo<tva«(Br. &Cav.)Lindau»»Rabenh. Krypt. FI. V. Deutsch¬ 
land. Ed. 3, Bd. I, Abt. 9, p. 34. 

Helminthosporium avenae (Br. 8c Cay.) Ravn, 1900, in Bot. Tidsskr. v. 23, p. 212-213. 
Helminthosporium gramineum of Ritzema Bos, Frank, Fraser not Rabenhorst. 

In 1889 Briosi and Cavara* distributed specimens of a fungus collected 
near Pavia, Italy, where it was found parasitic on the leaves of oats, 
Avena sativa L., producing narrow, oblong, longitudinally elongated, 
olivaceous foliar spots, with dark margins. The infection was described 
as starting ordinarily at the tip of the leaf, where the first spots appear, 
and from whence the mycelium gradually invades the leaf parenchyma, 
until the entire blade withers and dies. The injury to the foliage thus 
occasioned was reported to interfere with the full development of the 
seeds. Briosi and Cavara designated the fungus itself as Helmintho¬ 
sporium teres Sacc. forma avenae-sativae, differing from the typical species 
by the greater length of the conidiophores, the occurrence of the latter 
singly instead of in fascicles, and the somewhat smaller dimensions of 
its spores. In the brief diagnosis of the form, accompanied by figures, 
the conidiophores are described as scattered, stout, cylindrical, many- 
septate, fuliginous, measuring 150 to 200 by 9 to 12 the spores as 
acrogenous, olivaceous, cylindrical, or slightly swollen in the middle, 
rounded at the ends, 4 to 6 septate, and measuring 80 to no by 15 to 16 /i. 
Their representation of the septa and spore wall as thick structures indi¬ 
cates that Briosi and Cavara used dead material for their studies, a cir¬ 
cumstance to which may be attributed, perhaps, the inexact description 
of the color of the spore, and their failure to mention the more distinctive 
features of the fungus. 

Eidam (55), in 1891, published an account of a leaf spot of oats occur¬ 
ring in Silesia and affecting usually the first leaf, but sometimes also the 
second and third leaves of the host. He recognized the causal parasite 
as a new species, Helminthosporium avenae, distinct from his H. hordei 
i=H. teres Sacc.) because of tte negative results obtained in bis attempts 
to iiffect barley with the former, and oats with the latter. Ritz ema Bos 
(i2x) later described an attack upon oats by H, gramineum RaB’.', the 
resulting foliar spots differing from those occurring on l^rley in being 
short, somewhat round, and associated with a reddish color of the diseased 
leaves. Rayn (1x5), as the result of comparative cultural and biometri¬ 
cal studies m the parasites causing stripe, netblotch of barley, and the 
'*Helminthosporiosis" of oats, concluded that the latter represents an 
indei^dent species. 

It is of some slight nomendatorial interest to note that Ravn, appar¬ 
ently in the belief that Briosi and Cavara’s priority in recognizing the> 
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parasite as a separate taxonomic entity necessitated the perpetuation of 
their form name as the specific name, adopted the combination H. 
avenae (Br. & Cav.). The last portion of the form name— sativae — ^hc 
omitted purposely on the ground that it was unnecessanr. Lindau {83, 
p. 34-35), presumably because of the patent irregularity in altering a 
name in such manner, recognized Briosi and Cavara’s form name without 
alterations as the proper specific name, and consequently listed the 
fungus as H. avenae-saUvae (Br. & Cav.). However, as the use of an 
earlier varietal name to replace a specific name (when the variety is 
raised to specific rank) is not sanctioned by present usage, it is obvious 
that both Ravn’s and Lindau’s combination are equally unauthorized, and 
that the proper combination is evidently the one established by Eidam. 

In this connection, it may be mentioned that Cooke (23), in 1889, 
described as Hdminihosporium avenaceum Curtis Herb., a fungus occur¬ 
ring on straw in the United States (oat straw according to Saccardo) the 
conidia of which were characterized as cylindrical to subfusoid, pale 
honey-colored, and measuring 75 to 85 by 15 /i. Harkness (50) mentioned 
H. avenaceum Curt, as having been found on Avena, at San Francisco, in 
April. Atkinson (4) records havin£[ collected a fungus to which he 
applies the same name, in Mississippi, on June 26, 1891. It is not im¬ 
possible that these authors were dealing with the fungus originally de¬ 
scribed from Italy, inasmuch as the brief diagnosis published by Cooke 
is not greatly at variance with that of Briosi and Cavara, and in purely 
morphological details n^ly as satisfactory for the parasite causing lerd 
spot of oats as the latter.' Snce in none of the American writings was the 
fungus associated with any lesions in the living plant, su(£ possible 
identity can not readily be established. The question is further compli¬ 
cated % the occurrence of forms of Helminthosporium, associated witli 
sderotia appearing saprophytically in considerable quantity on oat 
straw in spring, and evidently representing immature perithecia of 
Pleospora or Py^ophora. The writer has investigated two such forms 
collected near Madison, Wis., in 1919 and 1920, one of whidi seems to be 
{omilar to or identical with H. avenae, while the other is ratirely different, 
its small, dark olivaceous, strongly curved, 5-septate spores germinating 
by the production of 2 polar germ tubes. Further details may be pub¬ 
lished in a later paper. 

In t895, Harvey (51) published a brief account of a disease of oats 
found in Maine during ^e preceding two seasons, manifested apparently 
by premature yellowing of the foliage, and the subsequent production of 
dark brown spore masses that appeared as small dark dots or lines upon 
the affected leaves. The fungus in question was a species of Hehi^- 
thosporium, whidi Ellis, to whom material was sent, identified as 
Hdmiwtkosporwm inconspicwum C & E. var. brittanicum Qrave. 
Unfortunately, however, as the only statement regarding the host rela¬ 
tionship of Grove’s variety in the diagnosis given by Sacondo (128, v. 4, 
p. 411-412) refers to fading grass leaves without any mention of spedes 
or genu^ it is <;[uite impossible, with the paudiy of morpliolog^cal detail, 
to.identify it with any one.of a considerable number of fungi. 

Ellis’s identification mig^t be supposed to indicate that the Maine 
ftmgus cmresponded in some measure with the diagnosis of the War¬ 
wickshire form: 

Bffusttm bnmeoluid, hyphis subflexuoda, vix aodnkwU, 4-5 leptstis, pallide 
tMimnds, 160-180—10 m; conidiis elon^, diaiduais, endodiiv^te bntnnedo diviso, 
ddn 3^5 septatis. do-ioossig-aa n. 
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That the correspondence is not especially close is indicated by Harvey’s 
statement that the spores of his fungus were somewhat shorter, measuring 
40 to 80 by 15 n, and sometimes less frequently septate, namely, 1 to 5 
times. And his figxne of the spore, showing this body as an ellipsoidal, 
comparatively closely septate structure does not suggest any close 
resemblance either to H. inconspicuunt C. & E. or to H. teres, between 
which Grove’s variety was reported as occupying a median position. 
Nor is it any more suggestive of H. avenae. On the assumption that 
only one parasitic species of Helminthosporium occurs on cultivated 
oats, Harvey’s fungus might perhaps nevertheless be supposed to be 
identical with the one distributed by Briosi and Cavara. An examina¬ 
tion of specimens of diseased oats collected near Bloomington, Ill., in 
June, 1920, bearing conidiophores and conidia of a type somewhat 
different from that generally found characteristic of the oat leaf-spot 
fungus, has, however, made the writer inclined to believe that such an 
assumption might probably prove to be incorrect. 

The disease caused by Helminthosporium avenae is widely distributed. 
It was reported early from Germany {35), Austria {56), Denmark (115), 
Belgium (88), Holland (121), and Italy. Fraser (45), in 1913, found the 
“stripe disease of barley’’ severely affecting oats in Quebec. Anderson 
(j, p. 105) reported H. avenae from Alaska. According to records of the 
Plant Disease Survey the Helminthosporium leaf spot of oats appears to 
have been observed in New York, Pennsylvania, Indiana, Wisconsin, 
Louisiana, Iowa, Minnesota, Nebraska, Montana, Idaho, and Washing¬ 
ton. Undoubtedly, it occurs at least in all the northern States to a 
greater or less extent; the writer, for example, has found it quite abtm- 
dant in Connecticut and Maine during the season of 1921, apparently 
wherever the host was cultivated. Yoshino (161) reported H. avenae 
as occurring in Japan, and Butler (rp) records leaf spot as being very 
common in India, especially on yoimg plants. 

Ravn’s investigations have shown that, in general development, the 
disease follows the same course as netblotch of barley. The infection of 
the seedling during the germination period results in the production of 
primary lesions on the first leaf; from the primary lesions the fungus 
spreads to the foliage, is disseminated later by successive generations of 
^ores, and finally the maturing fruit is infected or contaminated to 
propagate the trouble the next season. The local symptoms of infection, 
on the other hand, however, are quite different. Instead of numerous 
spots exhibiting an irregular reticulate pattern of short accentuated 
lines or streaks, the affected oat leaves rarely show more than 3 or 4 
brown spots. (PI. 4, A.) It is true that the colored figure in Butler’s 
manual shows a large number of lesions on a single leaf. Such a heavily 
spotted condition certainly has never been observed by the writer, and, 
perhaps, may be associated with a more severe manifestation of the 
disease in India. 

^ The spots may be broad and irregular, or long and narrow; in any case, 
the margins are frequently poorly defined, merging gradually into yellow, 
reddish, or orange shades which eventually spread over a large portion 
of the leaf blade. The gradual extension of diffused yellow and reddish 
disoolotation appears to be coincident with the progress of the fungus in 
the affected tissue. In the absence, usually, of extensive brown conspicu¬ 
ously abnormal spots, the morbid decline of the leaf, due to the develop¬ 
ment of the parasite, simulates withering occasioned by weather conditions 
(u* maturation much more closely tiian in'any of the ^ree Helminthospo- 
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riiitn diseases of barley. As a result, the damage to the oat crop due 
to leafspot, although undoubtedly not of major importance, is much 
more likely to be considerably underestimated than ^at caus^ by the 
majority of related diseases of other cereals. Thus, during the latter 
part of June, 1920, the oats observed by the writer growing in isolated 
patches in the eastern half of Long Island bore only meager evidence 
of being affected by leafspot. Nevertheless, four weeks later, micro¬ 
scopical examination revealed the fructifications and spores of H. qvenae 
on more than half of the mature plants, sometimes in con^derable 
quantity. 

After the death of the affected leaf, the red and orange pigmentation 
very largely disappears, being replaced by a pale-yellow or gray color, 
and even the brown discoloration usually loses some of its intensity. 
At this point the conidiophores of the fungus make their appearance. 
As Ravn has pointed out, these structures (PI. 4, Da-g) are very similar 
to tho^ of Helminthosporium teres in all respects—color, dimensions, 
septation, and mode of emerging from the epidermis—although exhib¬ 
iting sometimes a slightly greater tendency toward occasional branch¬ 
ing (PI. 4, Dc, De). The spores also resemble those of H. teres very 
closely, having approximately the same range in size and number of 
septa; and showing the same irregularly cylindrical shape, hemispherical 
ends, subhyaline to light fuliginous coloration, and mode of germination 
by the production from intermediate as well as end segments, of laterally 
or obliquely oriented germ tubes. 

The writer was unable to confirm Ravn’s finding that the conidia of 
H. avenae slightly exceed in length those of H. teres. In general, the 
dimensions of the two species appeared quite equal, and whatever slight 
inequality in length and width was observable was rather in favor of 
H. teres. It must be mentioned, however, that the fresh material used 
by the writer in the study of the two forms was not developed under 
comparable conditions, that of H. teres having been collected late in 
October during a damp, cool period seemingly especially favorable for 
sporulation; while the material of H. avenae, collected late in July, had 
manifestly developed at midsummer temperature. Perhaps the two 
fungi might better be regarded as biological forms of the same species, 
in the same sense in which such forms are recognized in Puccima graminis 
and in the mildews. Whatever slight morphological differences, demon¬ 
strable in the conidial stage by biometrical methods, may exist between 
the two fungi, they could scarcely be of a larger magnitude luoportionally 
than the differences between various biological forms of, for example, 
the stem rust fungus. A study of the ascigerous form of H. avenae, 
which, as has been suggested, the writer believes he has collected, although 
in very poor condition, ought to cast some light on its taxonomic relation¬ 
ship. For the present, it is advisable to follow Eidam and Ravn in 
regarding the parasite on oats as distinct from H. teres. Certainly the 
idea, proposed by Briosi and Cavara, of placing it as a morphological 
“forma" of H. teres is not tenable. 

It may not be amiss to call attention to an error apparently caused by 
a partial misinterpretation of Ravn's paper, and mere particularly of his 
widely copied but, perhaps, insuffic^tly rej^esentative figures of the 
oonidia and conidioidiores of HeltnmUwsporium gramineum, H. teres, 
and H. avenae. In some general treatises, the impression is conveyed 
that the possible moridiological difference between if. avenae and U. 
teres is approximately oi the saxae order as the difference between H. 
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teres and H. gramineum. The differences between the latter two species 
are, in reality, alto^ther much larger. For example, while the largest 
spores of the fungi causing netblotch and leafspot of oats, seen by the 
writer, have measured between 170 and 175 it, tlie longest spores of the 
stripe fungus have not been found to exceed 105 ju in len^. ^e number 
of septa in the spore of the stripe fungus very rarely exceed 7, while in 
the other two species 8 and 9 cross walls may be found quite readily and 
even 10 or ii occtu* in a small proportion of instances. Production of 
secondary spores, common in H. gramineum, is rare in H, avenae or H. 
ter.es. In short, H. gramineum is not closer to either H. avenae or H. 
teres than a moderate number of other congeneric species. 

As leafspot usually is not a serious disease, and in the United States 
not very conspicuous in its manifestations, little attention has been paid 
to its control. Atanasoflf and Johnson (j) have found the hot-air seed 
treatment effective in reducing the disease. The value of methods of 
control based on seed disinfection would appear to be contingent, at 
least to some extent, on the absence of a possible sclerotial or ascigerous 
stage, or the relative ineffectiveness of such a stage as a factor in the 
propagation of the fungus. 

HELMINTHOSPORIUM TRITICI-REPENTIS DIEDICKE—PYRENOPHORA 
TRITICI-REPENTIS (DIED.) 

Helminthosporium gramineum Rab. f. sp. tritici-repentis Diedicke olim 190a, in Centbl. 

Bakt.fetc.] Abt. 2, Bd. 9, p. 317-^29. 

Pleotpora tritici-repentis Died. 1903, in Q:ntbl. Bakt.fetc.] Abt. a, Bd. 11, p. 52-59. 
Pleospora trickostoma (Fr.) Wint. f. sp. tritici-repentis Noack 1905, in Ztschrif raanzenkr., 

V. 15, p. 193-205. 

Helminthosporium tritici-repentis as recognized by Diedicke {28 ), first, 
as a biological or form species of H. gramineum Rab. and later (29), as an 
independent species, distinct from H teres, H. bromi, H. gramineum, and 
H. avenae. It appears to be widely distributed,’ its perithecial form 
occurring very abundantly in our northern latitudes on the dead culms 
of quack grass, Agropyron repens. The visible effects resulting from the 
attack of the fungus on growing plants of quack grass are usually not 
at all conspicuous, any dark discoloration like that induced by the 
parasitism of H. sativum on the same host, being absent. The affected 
leaf gradually loses its green color and withers from the tip downward, 
changing at the same time first to a pale yellowish, and later to a gray 
color. As the foliage of the host developed after the earlier stages of 
growth is relatively rigid, the mechanical distortion associated with the 
death of any except the lower and more delicate leaves (PI. 5, A) usually 
is not very noticeable. 

According to Diedicke, the disease resembles barley stripe in affecting 
the whole plant, usually suppressing the development of the inflorescence, 
or preventing its emergence from the enveloping ^eath. Although 
this opinion is not without some plausibility, anatomical evidence regard¬ 
ing the distribution of the fungus in the tissues of the plant would appear 
to be necessary before the disease can be regarded as systemic in the 
same sense as stripe. Some differences in the manifestations of the two 
diseases certainly are apparent. The symptoms do not become evident 
simultaneously in all the leaves of individual quack-grass plants, but 
are manifested first in the basal leaves, and later may appear in suc¬ 
cessively higher foliar organs. Nor do diseased leaves of AgroPyron 
repens exhibit anything similar to the longitudinal variegation char- 
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acteristic of the foliage of barley infected with H. gramineum. The 
conidial fructifications of H. irUici-repentis, moreover, make their appear¬ 
ance scattered sparsely here and there over the surface of the dead leaves, 
not crowded on the affected parts like those of the stripe fungus. It is 
evident, therefore, that at least in some respects, the development of 
H. triticirrepentis on the host presents closer analogies to types like 
H. dematioideum and H. siccans than to H. gramineum. 

The dark olivaceous usually 3 to 6 septate sporophores of Helminthospo- 
rium tritici-repentis (PI. 5, Da-f) emerge from the stomata, or, more 
frequently, from between epidermal cells. Above the somewhat swollen 
basal segment, they vary in width from .7 to 9 u, being thus perceptibly 
inferior in this dimension to the homologous structures of H. bromi. In 
lex^;th they vary from 80 to 220 ft. The conidia (PI. 5, Ba-m) are typi¬ 
cally subhyaline, straight-cylindrical, from i to 9 times septate, from 
12 to 21 M in diameter, and 45 to 175 /x in length. As in H. teres, the septa 
usually are associated with slight but perceptible constrictions in the 
contour of the thin peripheral spore wall. 

The most distinctive peculiarity in the spores of this species is found 
in the shape of the basal segment, the proximal portion of which usually 
tapers abruptly in the manner of a cone to be rounded off or flattened 
near the hilum. In profile the basal segment thus is remotely suggestive 
of the horizontal aspects of the head of a snake, while the distal end 
usually is rounded off in a hemispherical form (PI. 5, Ba, e, j, k). It 
may not be superfluous to add that departures from this type are not 
infrequent. The 2 or 3 terminal segments may taper appreciably 
toward the distal end (PI. 5, Bb, c, d, m) or the width of the different 
segments may vary considerably (PI. 5, Bg, m) or the axis of the spore 
may be somewhat curved (PI. 5, Be). Germination begins vdthin an 
hour after the spores are mounted in water. Each segment is capable of 
producing a germ tube, the larger spores (PI. 5, C) thus producing from 
6 to 8 or more germ tubes, although usually one or several cells may 
remain seemingly inert. 

The ascigerous stage of this species of Helminthosporium, as mentioned 
before, occurs in great abundance on the dead culms of Agropyron repens 
and to a small extent also on the leaves, particularly on the sheaths. 
(PI. 6, Ba-b.) Although the black perithecia are readily discernible in 
autumn, their subsequent maturation appears to be rather slow. In 
the vicinity of Madison, Wis., mature perithecia have been collected 
from early in April until well toward the end of May. When developing 
in tiie looser tissue of the leaf, especially after some decay has taken place, 
the imbedded portion usually is distinctly subspherical, from 0.2 to 0.35 
mm. in diameter, and tapers into a short, well-defined beak as shown in 
Plate 6, A. _ However, when developing in the harder tissue of the culm, 
the perithecium usually is much more irregular in shape and the beak 
less readily recognizable as a special modification. In any case, the beak 
usually bears near the ostiole a number of dark-brown sterile setae which 
may be straight or flexuous, continuous or several times septate, occasion¬ 
ally .toanch^, and varying in number from several to over a score. As 
Diedicke pointed out, under certain conditions a large number of coni- 
dic^orra and conidia may be produced from the upper side of the 
penthedum, the further development of the ascospores, if not complete, 
then of^ being checked altogether. This tendency toward conidial 
production usually is well expressed in the case of those perithecia found 
<m the upright culms; on the other hand, wbmi the host material is loosely 
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covered with leaves or other rubbish, it often is entirely suppressed. 
There can be little doubt that the environmental factors of temperature 
and moisture are of primary importance in this connection. 

Diedicke recognized this perithecial form as a new species, Pleospora 
triiici-repentis, which he distinguished from Pleospora bromi largely 
because of the smaller dimensions of its perithecia, asci, and spores, and 
because of the failure of reciprocal inoculations to produce infection. 
Noack (95) did not accept the taxomonic dispositions made by Diedicke 
but regarded the perithecia on Bronrns asper and B. inermis as not dif¬ 
ferent morphologically from those on Agropyron repens, or from the 
perithecia on barley presumably associated with the stripe fungi. He 
consequently reduced the parasites on quack grass and on thfe two 
species of Bromus to biological forms of Pleospora trichostoma (Fr.) 
Wint., which, like Diedicke earlier, he identified as the ascigerous stage 
of Helminthosporium gramineum. The fungi under consideration were 
accorded a dubious status in the general works published subsequently, 
like those of Lindau (83) and of Stevens {139). 

A comparison of material collected by the writer near Madison, Wis., 
in the spring of 1920, showed the general correctness of Diedicke’s 
statements regarding the relative sizes of the perithecia and asci of 
Pyrenophora tritici-repentis and Pyrenophora bromi. As the diameter of 
the perithecia of the parasite on quack grass appears to vary from 0.20 
to 0.35 mm. the inequality in size between the fruiting bodies of the 
two forms certainly is not pronounced. In Pyrenophora tritici-repentis, 
especially when developing on decaying leaves, the ostiolar beak usually 
is narrower, less massive, and consequently a somewhat more distinctive 
structure than in Pyrenophora bromi. The asci (PI. 6, C) of Pyrenophora 
tritici-repentis, measuring usually from 170 to 215 by 43 to 50 n, are 
similarly somewhat smaller than those of Pyrenophora bromi. 

It may be mentioned that measurements of asci in fully matured 
living material are dependent to a considerable extent on the amount of 
moisture present, as these structures under dry conditions usually are 
found contracted tightly over the spores, while under moist conditions 
they swell until the space inside of the fruiting bodies is completely 
occupied. In any case, on being crushed out of the perithecia, they 
undergo very considerable swelling preliminary to the rupture of the 
ascus wall and the discharge of the eight ascospores. The latter, of a 
brownish color and measuring usually 18 to 28 by 45 to 70 ft, are uni¬ 
formly three times transversely septate, often with one or both of the 
middle segments further divided by a longitudinal wall. The septa are 
associated with constrictions in the peripheral wall of the spore, which 
frequently is found enveloped in a gelatinous covering. (PI. 6, Da, Db, 
Eb.) 

(krmination takes place promptly by the production of a germ tube 
from several or all segments. (PI. 6, Da-b.) On media ordinarily 
employed in laboratories, like potato agar, a fairly compact mass of 
white aerial mycelium is produced, corresponding in all respects to the 
growth obtained by the use of conidia. Anastomosis with the resultant 
production of groups of inflated lobulate segments is abundant in the 
submerged mycelium, but large sclerotia or imperfect perithecia of a 
size readily visible to the naked eye, like those produced by Helmintho¬ 
sporium bromi, have never been observed in pure cultures of H. tritici- 
repentis. 
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The parasite on quack grass consequently is to be regarded not as a 
biological race of Helmit^tosporium gramneum but as an independent 
morphological species. While the asdgerous stage bears a strong resem¬ 
blance to Pyrenophora brotni, as well as to a number of other congeneric 
forms fotmd on graminaceous hosts, it is readily distinguishable at least 
from Pyrenophora teres. On the other hand the conidia which, like 
those of H. teres and H. avenae, show a range in length interm^iate 
between the range of this dimension in H. gramineum and H. brotni, can 
not possibly be mistaken for the conidia of any of these species because 
of the characteristic contour of the basal segment. 

HELMINTHOSPORIUM CATENARIUM, N. SP. 

During the latter part of September, 1920, the writer kept under 
observation a stand of wood reed grass {Cinna arundinacea h.) near 
Brookl5m, N. Y., on the northern coast of Long Island. Although the 
season had not been a dry one, the grass, nevertheless, showed symptoms 
suggesting drought injury. The distal portions of most of the leaves 
had withered completely (PI. 7, A) and, in some instances, the injury 
involved more than half of the blade. Less frequently, the foliar organs 
exhibited longitudinally elongated dry areas or spots within healthy 
green parts. No indication of any discoloration, either at the margins 
of the lesions or in the dried portions, was ever observed. As the disease 
presented many of the characteristics of white blast, quite common on 
sweet com in the trucking district in the vicinity of New York City, 
some of the affected leaves were collected and examined in the laboratory. 
The microscope revealed an abundance of Helminthosporium fructifica¬ 
tions on the affected leaves, particularly on those parts that had appar¬ 
ently been dead for some time. 

As in other species of Helminthosporium occurring on graminaceous 
hosts possessing foliage with a relatively firm epidermis, the sporophores 
of the fungus on Cinna arundinacea are found to emerge very largely 
from the stomata. (PI. 7, Ea-c.) Beyond being conspicuously thin 
walled, and rather unusually strongly geniculate at the points of attach¬ 
ment of the conidia, they exhibit no especially distinctive features. 

The spores, which are colorless to light yeUoWish, however, show such 
a large measure of variability in shape and apparent development, that 
the fungus is easily recognized as one of the more aberrant and peculiar 
members of the genus. A considerable proportion of the spores are of 
moderate length, straight and tapering (PI. 7, Ba, d, j), and perhaps could 
not be readily distinguished from those of Helminthosporium dictyoides, 
although the latter eventually become more deeply tinged with yellow. 
Usually only the shorter spores appear both straight and unfformly 
tapering. Generally, those in excess of 80 m at'e very perceptibly curved 
or bent in an irregular manner, and, in addition, the diameter of the 
different segments varies to a very considerable extent. The longer 
spores often show a decided median constriction. (H. 7, Bb, e.) 

Frequently, a secondary spore (PI. 7, Bi) is found attached at the tip 
of a primary one (PI. 7, Bh), being characterized by smaller dimensions 
and, if immature, by the absence of septa. That the formation of 
secondary spores is not an unusual occurrence liin^cated by the presence 
of a dark conspicuous scar at the tip of maswtqiores, quite similar to the 
basal hilum and often associated with a pectraftr prcdongation of the distal 
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portion of the terminal segment, giving the spore a general contour crudely 
suggesting that of a rifle cartridge with contracted tip. (Pi. 7, Be, f.) 
It thus will be seen that while the smaller spores resemble those of H. 
ddetyoides, and in a measure those of H. gramineum, the larger ones are 
of a length not attained by the spores of any of these species, approxi¬ 
mating most closely that of the spores of H. tritici-repentis. (PI. 7, Bb.) 
The spores of the parasites on C. arundinacea and on Agropyron repens, 
moreover, show additional similarity in respect to coloration and general 
shape, both being subhyaline, as well as more or less irregularly curved 
and of variable width. The spores of H. tritici-repentis, however, have 
not been observed to show an apical hilum or apical attenuated prolonga¬ 
tion; nor has the fungus on wood reed grass exhibited the peculiar 
modification of the basal segment characteristic of H. tritici-repentis. 

In pure culture, on potato agar or corn-meal agar, the parasite on 
Cinna arundinacea grows readily, producing a white mycelium, both in 
the form of erect compact tufts 2 to 5 mm. in height and usually developed 
at the point of inoculation, or of minute superficial flecks scattered 
sparsely over the surface. In any case, the hyphae usually remain sterile 
for a number of days before the spores begin to develop terminally. 
After this stage is reached the sporophore, instead of developing by 
alternately elongating and proliferating spores, as is usual in the genus, 
usually develops in the manner somewhat similar to that characteristic 
of members of the genus Altemaria. The tip of the primary spore (PI. 
7, Dba) may bud to produce a sessile secondary spore (PI. 7, Dbc) and 
this may produce a tertiary spore in the same way. Not infrequently, 
however, the tip of the spore (PI. 7, Dbc) grows out into attenuated 
segments (PI. 7, Dae) having approximately the diameter of the primary 
sporophore and obviously of a similar nature. These segments usually 
never attain any great length before proliferating a terminal spore 
(PI. 7, Dbf); and as growth continues, fructifications result, consisting 
of superimposed spores and sporophoric segments, that may exceed 0.5 
mm. in height. As the basal and distal segments of the spores not 
infrequently produce short sporophoric branches directed at oblique 
angles to the, main axis (PI. 7, Dab, ac, ad, af) and bearing one or more 
spores (PI. 7, Dbd, be, bg), the fructifications usually are further com¬ 
plicated by the presence of a number of lateral sporiferous processes. 
It may be' mentioned in this connection that the distinction between 
spore segment and sporophoric segment is not always well defined, but 
often may be partly obliterated, the fructification then being represented 
by a process of segments varying from 6 to 18 /t in thickness, and dis¬ 
articulating at certain constricted septa marked by the presence of hila. 

As far as the writer is aware, the parasite on Cinna arundinacea has 
not been described in literature. Atkinson (4), it is true, reported 
Hdminihosporium twdeum as occurring on the leaves of this host in 
Alabama. While it is not impossible that Atkinson may have been 
dealing with the same fungus that causes injury to maize, there would 
seem to be much more probability in the assumption that this writer 
was confronted with the fungus under consideration, although with the 
exception of the pathological effects occasioned by them, the similarity 
between the two parasites can hardly be said to be a close one. Because 
of its tendency toward the formation of chains of spores in nature as 
well as in pure culture, the fungus on wood reed grass is named H. 
caienanum. 
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DIAGNOSIS 

Helminthosporium catenarium, n. sp. 

Attacking the foliage of Cinna arundindcea, L., where it causes the premature 
death of large areas of tissue, the tip and margin being usually most commonly affected. 

Sporophores brovm or olivaceous; emerging usually from the stomata, singly or 
in groups of 2 ; measuring 5 to S by 60 to aoo m; producing the first spore at a distance 
of 25 to 60 M from base, and successive spores at intervals of 15 to jo /a, the point of 
attachment marked by scars at the apices of pronounced geniculations. 

Spores I to lo septate, the septa sometimes associated with slight constrictions or 
irregularities in the contour of the thin peripheral wall; subhyaline to light yellowi^, 
14 to 18 by 30 to 300 measured at their maximum diameter; the Sorter ones 
usually straight, widest at the basal or second segment, tapering uniformly to approxi¬ 
mately half the maximum diameter at dp; the longer ones often perceptibly crooked, 
irregular in diameter, frequently showing both a basal hilum and an apical scar, the 
apical scar marking the attachment of a secondary spore, and ususdly associated 
with a peculiar modificadon of the distal jportion of the terminal segment, condsdng 
in the prolongation of the latter at a tt.iiform diameter representing the minimum 
width of the spore. Secondary spores or spores of a higher order of the same diameter, 
but usually considerably Sorter, less frequently septate, or continuous. Both 
types germinating normally by production of i or a lateral germ tubes from basal 
segment, and a single lateral or oblique tube from terminal segment. Contour of 
basal end hemi-ellipsoidal, of distal end hemispherical; hilum and apical scar not 
protruding. 

In pure culture on potato glucose agar, aerial mycelium white or dirty yellowish, 
present as dense erect tufts a to 5 mm. high at point of inoculation and as small flecks 
scatteredsparsely over the surface; in either case consisdngof sterile h3rphae and an 
increasing number of conidial fruedheadons; the latter arising on the expanded termi¬ 
nations of hyphae not otherwise much modified, and consisting of a series of succes¬ 
sively proliferated spores that may be either sessile or separated by intercalary, nar¬ 
rower 8]x>rophoric segments. The fructification frequently branching; as a result of the 
proliferation of lateral or oblique sporophoric processes from the basal or terminal 
segment of individual spores; and, less typically, sometimes consisting of miscel¬ 
laneous processes of segments varying from 6 to 18 m in thickness, and disarticulating 
at constricted septa marked by the presence of scars or hyla. 

Habitat.— Parasitic on Cinna arufidinacea D. collected at Douglaston, N. Y., 
September, ig2oJ 

HELMINTHOSPORIUM BROMIDIEDICKE—PYRENOPHORA BROMI (DIED.) 

H$lminthosporium gramineum Rab. f. sp. hromi Diedicke olim 190a, in CentbL Bakt. 
[etc.] Abt. a, Bd. 9, p. 317-339- 

Pleospora bromt Died 1903, in Ccntbl. Bakt. [etc.] Abt. 2, Bd. ii, p. 53 ~ 59 « 

PUospora trichostoma (Fr.) Wint. f. sp. bromi Noack 1905, in Ztschr. Pflanzenkr. v. 

p-193-305- 

The occurrence in Germany of a species of Helminthosporium parasitic 
on Bromus asper Murr. was recorded by Diedicke {28) in 1902. Krieger • 
later collected and distributed the same fungus on the leaves of Bromus 
inermis Leyss. It undoubtedly is on the latter host that the parasite 
is found most commonly in the United States, observations made by 
the writer in the vicinity of Madison, Wis., during the sprmg of 1920, 
pointing toward its general prevalence on this widely distributed host. 
Diedicke described ^e disease symptoms Occasioned by the fungus so 
adequately that little can be added in the way of corroboration. 

Helminthosporium hromi is probably one of the earliest of all parasites 
affecting the grasses of our north^ latitudes, to appear in spring, as 

^ Type specimens of ati spedes described in this paper ai hew have been deposited in the loUowitig 
hefbam: Office of Pathologkal CoUectioiis, nttreaxt w Flint Industry. United States Department 01 
Atrleidture, Washing^, B. C.; Cryptogaiw Herbarium, Harvard University, Cambridge, Mass.; 
hmmittm. New York Botani^ Carden, New Vofie, ^ty; hMtarltim, Department el Botany, Unlvecsity 
of Wiiconsin, Madison, Wis. 

* Mnxnonm, W. fongi SAxoma. No. X94X H^mmthospormm bromi Died. [exsiGcati]. 190$, X005. 
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the first leaves that arise from the overwintering rootstock of B. inermis 
have barely completed their development before thay begin to show 
the scattered spotting characteristic of its attack. (PI. 8, Ab-c.) Each 
spot originates as a minute dark brown or black speck about which the 
chlorophyll gradually appears to break down, producing a yellowish or 
nearly colorless halo. Both the central spot and the surrounding zone 
usually increase considerably in extent, especially in a longitudinal 
direction, until the former may occupy an area 2 mm. in width and 6 mm. 
in lengtli. On badly infected leaves the yellowed zones frequently run 
together as shown in Plate 8, B. Even more moderate infection, how¬ 
ever, leads to a premature withering of the leaf (PI. 8, Ad), beginning 
at the tip and proceeding downward, until the whole structure may be 
involved; for although the sheath is much less frequently spotted, it is 
not entirely immune, especially while the plant is still very young. 
After the leaf has become withered the sporophores make their appear¬ 
ance, first on or near the darkened areas, but later quite generally over 
the entire leaf. Emerging singly or in clusters of two (PI. 8, Ea-c), 
most frequently between epidermal cells without much reference to 
the stomata, they measure 7 to 10 ju in diameter and usually 100 to 150/1 
in length, although sometimes attaining a maximum length of 250 /i. 
From 2 to 6 septa usually are present. The geniculations associated 
with the production of successive spores are not generally very pro¬ 
nounced. 

In the account given by Diedicke (28) the spores are described as 4 
to 6 septate, 108 to 150 /i long, 13 to 20 /i in diameter, and exactly 
similar to those described and figured by Ravn (r75), the supposed simi¬ 
larity presumably applying to Helminthosporium teres. Such a state¬ 
ment of the morphological features of the spores of the two species, it is 
quite impossible to substantiate by a comparison of American material, 
which reveals instead very decisive differences. The contrast in length 
between the two species is especially conspicuous, the spores of H. bromi 
measuring from 45 to 265 /i in length, examples exceeding 200 /i in length 
being of not uncommon occurrence. (PI. 8 Ca-f.) Some difference in 
diameter also is perceptible, although this is much less pronounced, the 
spores of H. bromi varying commonly from 14 to 26 n. As the number 
of septa in the spores of both species varies from i to 10, it is apparent 
that the individual segments in the spores of H. bromi exceed in length 
those of H. teres in approximately the same measure as do the spores. 
In H. teres, moreover, the spore often is conspicuously constricted at the 
septa, a modification absent or less strongly pronounced in those of H. 
bromi (PI. 8, De). Related to these features are the specific peculiarities 
in the contour of the basal cell that have been mentioned in another 
connection, this contour being approximately hemi-ellipsoidal in H. 
bromi and hemispherical in H. teres. 

In the conidia of Helminthosporium bromi, the hilum is represented 
by a scar, not especially conspicuous, and included entirely within the 
contour of the peripheral wall. As the peripheral wall consists of a 
relatively thin membrane, it is not surprising that the conidia show little 
resistance to unfavorable conditions. Even in actively sporulating 
material, microscopic examination reveals one of several dead segments 
in most of the spores, and when material is kept in the laboratory the 
proportion of dead segments or dead spores is very greatly augmented 
in the course of a week. W hen mounted in water, viable spores germinate 
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very promptly, producing lateral or oblique germ tubes indiscriminately 
from middle and end cells, the number of tubes originating from any par¬ 
ticular segment not usually exceeding two. Anastomoses of newly 
proliferated germ tubes are not infrequent, the germination of spores 
lying in juxtaposition, thus often yielding scalariform figures united by 
several hyphal connections. (PI. 8, Db-c.) As has been pointed out 
previously, when the fungus is cultivated on potato agar media, anas¬ 
tomosis of hyphae is associated often with the production, below the 
surface of the substratum, of numerous groups of inflated segments. 
Of the latter, a small proportion develop into subspherical sclerotia, 
usually from 0.2 to 0.5 mm. in diameter, the presence of which in agar 
cultures (PI. 9, C) is characteristic of the fungus, and which, judging 
from their size and structure, doubtless represent immature perithecia. 

In Germany, Diedicke (28) noted the appearance on Bromus asper of 
the sclerotia or young perithecia as early as July 26. This date corre¬ 
sponds quite closely with their appearance in southern Wisconsin. When 
fully matured, they consist of a subglobose portion imbedded within tlwn. 
somewhat distended leaf tissue, usually from 0.3 to 0.4 mm. in diameter 
and tapering into an irregular ostiolar beak protruding approximately 
o.r mm. above the broken epidermis. A variable number of septate, 
tapering, sterile bristles usually are to be found near the tip of the ostiolar 
modification: and although it is not improbable that in some seasons 
conidiophores may be produced abundantly from the perithecium as in 
Pyrenophora tritici-repentis and P. teres, only a sparse production was 
observed during the season of 1920. 

The development of the asci appears to be delayed until spring, 
beginning evidently with the warmer weather usually experienced in 
our northern latitudes late in February or early in March, and proceeds 
slowly, until toward the middle of April they readily discharge their 
spores when mounted in water. In all morphological details the asci 
closely resemble those of Pyrenophora tritici-repentis, although they 
usually seem to be somewhat larger. The difference, which is not pro¬ 
nounced, becomes, perhaps, most evident during the process incident to 
to spore discharge, as the asci of the parasite on brome grass appear to 
undergo perceptibly greater distention before the outer membrane is 
burst than the asci of the congeneric parasite on quack grass. Plate 9, 
D, representing an ascus partly distended, measuring 300 ju in length and 
65 ju in diameter, shows the 8 spores in distichous arrangement immersed 
in granular epiplasm, the thickened ringlike modification at the apex, 
and the short well-defined stipe common to both species. 

The ascospores, light brown in color and measuring 20 to 30 n by 45 
to 72 #1, are uniJFormly divided by 3 transverse septa. Longitudinal 
septa may be absent, or one or both of the middle segments may be 
further divided by a longitudinal wall. Germination takes place by 
the production of a germ tube from several or all of the segments. Cul¬ 
tures of the fungus derived from ascospores differ in no particular from 
those derived from conidia. 

• Because of the distinctive and extraordinarily large conidia character¬ 
istic of the parasite and its production of sclerotia on various kinds of 
agar media, the writer agrees with Diedicke in regarding the fungus as 
an independent species. In this connection it may be mentioned that 
Diedicke {28) first reported it as a biological species of the stripe fungus, 
a disposition which Noack (95), who recognized Pleospora truhostoma as 
the asdgerous stage of HdmiiUhosporiwm graminevm, later sought to 



Marf6»i9i3 


Gfoininicolous Species of Hehninthosporium 


675 


maintain. The asdgerous stage, it must be admitted, is morphologically 
not readily distinguished from related congeneric forms. The fungus, 
in any case, would seem to be referable to Pyrenophora rather than to 
Pleospora, if, indeed, the former is to be maintained as a separate genus. 

HELMINTHOSPORIUM GIGANTEUM H. & W. 

Heald and Wolf, in 1911, described (54) and later also (55) figured a 
species of Helminthosporium on Bermuda grass {Cynodon d^ctyUm L. = 
Capriola dactylon [L.] Kuntze) collected at Falfurrias, Tex., where it 
was found associated with a disease— 

characterized by the presence of numerous yellowish or pale straw-colored spots, 0.5 
to I mm. wide, by i to 4 mm. long, longitudinally elongated, and with a narrow brown 
border. The spots are generally absent from the leaf sheath, and when numerous they 
may become confluent on the lamina and thus cause somewhat extended dead areas. 

The fungus, which was named quite appropriately Helminthosporium 
gigarUeum, was further characterized as follows: 

The conidiophores are dark brown, many-septate, ^ to 12 by 200 to 400 n, witli a 
slightly bulbous base: the spores are elongated, cylindrical with slightly tapering 
ends, 5-septate, pale brown, densely granular contents, 15 to 21 by 300 to 315 n 

The writer collected the same parasite on Bermuda grass at various 
times during the months of February, March, and April, 1921, near Fort 
Myers and Wauchula, Fla. During February and March, especially in 
the vicinity of Fort Myers, the fungus occurred in considerable abundance, 
old spots bearing sporophores being found scattered generally over the 
foliage of the host. Fresh lesions providing material suitable for study 
were almost entirely absent at that time, a circumstance attributable 
apparently to the condition of the host; for the latter, although green, 
was not actively growing and the foliage, moreover, was everywhere 
severely affected by Puccinia cynodontis Desm. and Helminthosporium 
cynodonti Marignoni. About the middle of April, several weeks after 
Ae resumption of active vegetative growth, the more recently unfolded 
leaves of Cynodon dactylon began to show newly developed lesions 
associated with conidiophores and conidia in a living state. At nearly 
the same time altogether similar foliar spots made their appearance on 
goose grass {Ekusine indica [L.] Gaertn.). Microscopical examination 
revealed no morphological difference in the fructifications present on 
the two graminaceous species. 

On July 13, 1922, a stand of Bermuda grass near Bladensburg, Md., 
was observed to he attacked by the fungus with unusual severity. Many 
of the leaves had been killed altogether, and of those that remained 
functional nearly all bore scores of discrete or confluent spots, or exten¬ 
sive whitened areas which often involved altogether from one-fourth to 
one-third of the tissues of the individual foliar organs. Plants of 
Agropyron repens distributed in the Bermuda grass likewise bore a 
sprinkling of the foliar spots characteristic of the fun^s, although in 
smaller quantity. On microscopical examination the similarity of the 
abundant fructifications on both Bermuda and quack grass collected in 
Maryland to tiiose of the Florida parasite was readily apparent. Agropy- 
ron repens and Eleusine indica, therefore, represent additional hosts of 
the interesting fungus described by Heald and Wolf (55). 

The foliar lesions bear a good deal of resemblance to those produced, 
for example, by Helminthosporium leersii. They first become visible as 
minute brown spots in green and otherwise healthy tissue. (PI. 10, A.) 
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Soon these spots increase in length and width, the center in the meantime 
fading to almost white or light straw color. In this way the appearance 
described by Heald and Wolf (54) is brought about. (PI. 10, A, B.) 
At this stage the lesions are of the simple “eye-spot” type. Under 
certain conditions, apparently when the parasite is thriving most 
luxuriantly, the diseased areas become greatly enlarged, sometimes 
occupying the entire width of the leaf blade of Bermuda grass for a 
distance of one centimeter or more. When such development occurs 
the dead areas usually show a number of roughly concentric brown 
markings, evidently corresponding to successive positions of the margin, 
and giving the areas a distinctively zonate aspect. With the multi¬ 
plication of the smaller lesions and the extension of the larger ones, a 
large proportion of the leaves are killed outright long before the end of 
the season. Previous to this the sporophores of the fungus make their 
appearance singly or in pairs over the larger dead regions always at 
some distance from the margin of the surrounding green tissue. The 
conidiophores are distributed rather sparsely in comparison with the 
crowded spacing of the homologous structmes of many congeneric forms, 
although not actually few in number. 

The sporophores of Helminthosporium gigantewm (PI. 10, Ea, b) are 
the largest of those of any species studied by the writer, the measure¬ 
ments of the Florida material agreeing well with those given in the 
original specific description. The septa are mostly spaced with consider¬ 
able regularity, at intervals varying commonly from 25 to 40 /*. Usually 
the scar marking the point of attachment of the first spore is found 140 
to 250 u from the base, and successive scars associated with genicula- 
tions, usually not pronounced, occur at intervals of approximately 40 ju. 

The conidia (PI. 10 Ca-d), which are produced in relatively small 
numbers, are easily the most massive of those of any species of Helmin¬ 
thosporium hitherto described, and are probably among the very largest 
produced by any group of fungi. Individual spores were found exceeding 
considerably in length even the generous measurements given by Heald 
and Wolf, the one figured in Plate 10, Cc, for example, measuring 385 
in length and 2 i/t in diameter. The volume of a spore of such dimensions 
is several hundred times greater than the volume of spores of molds that 
are not by any means regarded as minute fungi, while on comparison with 
some of the smallest types, like species of Actinomyces, ratios approxi¬ 
mately I to 300,000 may be obtained. The writer has found it possi¬ 
ble, after staining with eosin, to make out with the naked eye, spores 
approaching the dimensions given. 

Besides being the largest, the conidia of Helminthosporium gtganteum 
also, perhaps, are the shortest-lived conidia of any species of Helmintho¬ 
sporium discussed in this paper. If the spores from a group of fructifica¬ 
tions which are still actively proliferating new conidia are mounted in 
water, a large proportion will be found to contain one or more dead 
Segments. After spore production in a group of fructifications ceases 
all of the conidia will contain dead segments, and in a relatively brief 
period, probably not exceeding two weeks, only a small number will still 
show living segments. To this lack of longevity, together with the 
production of spores in small numbers, the comparatively restricted 
occurrence of the parasite probably may be attributed. 

The spores of HelmdnOiosporium g^ganieum, while alive, are altogether 
hyaline, colorless, and filled with homogeneous protoplasm. The char¬ 
acterization of these structures by Heald and Wolf in the words, “ pale 



May i6, 


Graminicolous Species of Helminthosporium 


677 


brown, densely granular contents,” would seem to indicate that these 
authors very probably drew their description from dead material. The 
peripheral wall is thin as in other species with subhyaline spores, and 
sometimes shows a perceptible constriction at the septa, the latter varying 
in number usually from 2 to 6 and delimiting segments ranging up to 
80 n in length, and from 16 to 25 pt in diameter. The ends of the spores 
are rounded off abruptly, showing usually a hemispherical or hemi- 
ellipsoidal contour. The basal end is modified by the presence of a 
minute dark apicular projection at the apex of a small, faintly delimited, 
obtusely conical part, which, while the spore is still attached, fits into a 
depression in the center of the scar on the sporophore. 

When the spores are placed in water they germinate very promptly, 
the germ tubes being proliferated sometimes singly and indiscriminately 
from end or middle segments (PI. 10, Da, c); or more typically in groups 
of 3 or 4, usually from both basal and apical ends (PI. 10, Db), or less 
commonly from one or more intermediate segments (Pi. 10, Dc). In any 
case the germ tubes are of unusual width, measuring 6 to 10 ju in diameter, 
and grow with remarkable rapidity. Germination is associated with a 
change in the protoplasm from an apparently homogeneous to an abun¬ 
dantly vacuolated structure. It may not be superfluous to add that the 
spores filled with “densely granular contents” never germinate, and 
segments exhibiting such structure, always together with a swollen 
peripheral wall, similarly remain inert.* 

HELMINTHOSPORIUM DICTYOIDES, N. SP. 

During the latter part of June, 1920, the writer observed a disease on 
meadow fescue (Festuca elatior, L.) which seemed to be widely prevalent 
in the region about Washington, D. C., scarcely any stand of this grass 
being entirely free from it. As meadow fescue, although not one of our 
most highly prized forage plants, is nevertheless of not inconsiderable 
economic importance, and is besides very generally distributed, an effort 
was made to determine whether the disease occurs also in other sections. 
In the vicinity of New York City, from early in July to the end of August, 
it was found to be so common on F. elatior that the very characteristic 
and conspicuous lesions could, in the absence of an inflorescence, be quite 
safely used to distinguish this species of grass from grasses having some¬ 
what similar foliage as, for example, Bromus inermis or B. seccUinus L. 
Especially severely affected material was found near Port Washington 
on Long Island, where the dampness of the atmosphere incident to 
proximity to the sea, may have favored the progress of the malady. 
Other collections of diseased material were made at Stamford, Conn., 
August 2, 1920; Norwood, Mass., November 7, 1920; Lisbon Falls, Me., 
July 24, 1921; Annapolis, Md., October 15, 1921; and at numerous sta¬ 
tions in Maryland, Virginia, and the District of Columbia near Wash¬ 
ington, D. C., from early in August until late in October, 1921. Indeed, 
the writer has never failed to find the disease present to a greater or less 
extent on meadow fescue in all the localities in the New England and 
Middle Atlantic States that he has had occasion to visit. 

The symptoms of the trouble, a brief account of which was published 
in 1922 (jz), are very similar to those induced by Helminthosporium 

• Since this account was written the writer has had opportunity to study the mode of dmlopment of 
the fungus ^ greater detail and on a considerable number of additional hosts. The results have been 
partly indicated in a brief note (jj), and will be published in more complete form in a later paper. 
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teres on barley. The newly affected green tissues show abundant brown¬ 
ish discoloration in irregular patterns, within which may be recognized 
a network of darker longitundinal and transverse linear streaks. (PI. 
11, A, C.) The minute reticulate design formed by the latter is, in well 
developed cases, more extensive and pronounced than in any specimens 
of barley affected with netblotch which the writer has ever seen. After 
a considerable portion of the leaf blade has been involved, it gradually 
withers and dies, the withering begiiming at the tip and proceeding 
toward the base. (PI. ii, A.) In 1920, in the neighborho^ of New 
York City, such destruction of foliage continued throughout nearly the 
entire season, and caused an amount of damage that appeared to be 
far from trivial. Indeed, the vmter is inclined to believe that the malady, 
which may conveniently be designated like that caused by H. t^es, as 
netblotch, is the most serious parasitic trouble affecting meadow fes¬ 
cue in our northern latitudes. 

On examining the withered portions of affected leaf blades, the cause 
of the disease is readily recognized as a species of Helminthosporium. 
To H. teres, however, the fungus shows no close similarity, the spores of 
the barley parasite having dimensions so much greater as to preclude 
any possibility of confusing the two forms. It shows a much greater 
degree of similarity to H. gramineum. The sporophores, as in the stripe 
fungus, are found in groups larger than in most congeneric species, the 
number in a group varying usually from 2 to 6 (PI. ii, Ea-i). On the 
other hand, the basal enlargement characteristic of the sporophores of 
//. gramineum appears to be less pronounced in the homologous struc¬ 
tures of the form on meadow fescue. The spores of the two fungi possess 
some characteristics in common, but exhibit quite distinctive specific 
differences as well. Thus they agree in color, in both species varying 
from subhyaline and colorless when newly proliferated, to distinctly 
yellowish when fully matme; and on measuring show an approximately 
equal range in length. However, the sf>ores of H. gramineum are appre¬ 
ciably greater in diameter, and, while manifesting a tendency to taper 
toward the apex, do not depart very greatly from a straight-cylindrical 
type, whereas those of the parasite on Festuca elatior (PI. 11, Ba-q) more 
frequently show a very pronounced diminution in diameter from the 
base to the tip, and in only relatively few instances approach an approxi¬ 
mately cylindrical shape. In germinating the conidia of the fungus on 
meadow fescue do not generally produce germ tubes indiscriminately 
from both the end and the middle segments, but typically give rise to a 
lateral or oblique germ tube from one or both end segments (PI. ii, 
Dc-k), although, less frequently, one or more germ tub^ may be pro¬ 
duced from a middle segment (PI. ii, Da-b). It als® may be mentioned 
that the spontaneous development from primary spores of short sporo¬ 
phores baring secondary spores, characteristic of the barley stripe 
fungus, has not been observed in any material of the parasite on meadow 
fescue. 

Another congeneric form with which the species of Helminthosporium 
on Festuca elatior might possibly be confused is the one described in 
this paper as H. siccans that occurs on LoUum multiflorum Lam. and 
L. perenne L. The latto: on comparative examination, however, is 
readily distinguished by the appreciably larger dimensions, conspicu¬ 
ously darker coloration, and' less tapering form characteristic of its 
coaoi^. These conidia when altogetiier mature possess, moreover, a 
considerably thicker peripheral w^l, and, in germinating, typically 
produce two germ tub^ from each of the end segments instead of one. 
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The literature contains, as far as the writer is aware, only two refer¬ 
ences to the occurrence of a species of Helminthosporium on Festuca 
elatior. The earliest is that of Diedicke (^9), who recorded his discovery 
of a parasitic form that produced a local infection similar to the type of 
infection brought about by H. bromi, H. teres, and H. avenae. As this 
writer gave no further details concerning either the fungus or the disease, 
it is not possible to determine whether or not he was dealing with the para¬ 
site found widely distributed in the Middle Atlantic States. In a later 
reference by Pammel, King, and Bakke (104), is reported from Iowa 
the occurrence on F. pratensis (*= F. elatior L.) of a species of Helmin- 
thosporhjm having spores similar to those of H, sativum and producing 
on its host a leaf spot closely resembling late blight of barley, although 
less severe. Material deposited by these authors in the Office of Patho¬ 
logical Collections, Bureau of Plant Industry, was examined by the 
writer. This examination revealed no reason why the fungus should 
not be referred to //. sativum. At any rate the Iowa fungus represents 
an entirely different organism from the one under consideration, which 
would appear to merit recognition as a new species. On account of the 
reticulate pattern characteristic of the foliar lesions the specific name 
dictyoides is suggested. 

DIAGNOSIS 

\JHelminthosporium dictyoides^ n. sp. 

Occurring on Festuca elatior L., on which it causes a moderately destructive disease 
of the foliage, with symptoms very similar to those of barley attacked by Helmintho¬ 
sporium teres; newly infected leaves showing irregular brownish areas marked with 
dafk longitudinal and transverse streaks forming a delicate reticulate pattern. Af¬ 
fected leaves later withering, the withering beginning at the tip and progressing to 
the base of the blade. 

Sporophores dark brown or olivaceous; emerging singly or in groups of 2 to 6 from 
stomata or between epidermal cells; measuring usually 6 to 8 #1 in diameter and 70 to 
150 ju in length; 3 to 6-scptate, the septa generally occurring at intervals of 10 to 30 
producing first spore usually at a distance of 50 to 100 ^ from base; points of attachment 
of successive spores marked by moderately or strongly pronouncea geniculations. 

Conidia subhyaline and nearly colorless when newly proliferated, to yellow when 
fully matured; typically straight; maximum diameter usually at basal segment, 14 
to 17 tapering uniformly and very perceptibly to apical segment, the latter in long 
spores frequently not exceeding 8 to 9 m in diameter, in short ones usually of greater 
diameter; more rarely approximately cylindrical, or short ellipsoidal. Dengtli 23 to 
115 usually 50 to 70 i to 7 septate, typically 3 to 5 septate, tiie septa not associated 
with perceptible constrictions except occasionally, and tlien constrictions most 
frequently present only at the basal septum; length of segments 7 to 24 fx, typically 12 
to IS M. Contour of basal end hemispherical, of apical end hemispherical or hemi- 
ellipsoidal; peripheral wall or exospore uniformly thin, and entirely including the 
hilum within its contour. Germinating typically by two germ tubes, one from each 
end segment and produced usually at right or oblique angle to axis of spore; rarely 
by one or more germ tubes from intermediate segments. 

Habitat. —Collected at Brooklyn and Port Washinj^n, N. Y.; Stamford, Conn.; 
Norwood, Mass.; Lisbon Falls, Me.; Washington, D. C.; Kensington and Ann^^olis, 
Md.; and Falls Church, Va. Appatiently found wherever the host occurs in tlie Middle 
Atlantic and New England States. ; 

HELMINTHOSPORIUM SICCANS, N. SP. 

In the latter part of June, 1922, the writer observed that the Italian 
rye grass, Lolium multiflorum Lam, in the experimental farm at Arlington, 
Va., was very generally affected by a leaf spot disease. The trouble 
was found to occur on the foliage of both young and more nearly mature 
plants, being manifested by the appearance of minute, longitudinally 
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elongated, dark brown spots, measuring usually o.i to 0.3 mm. in width 
and 0.2 to i.o mm. in length, although sometimes apparently as a result 
of coalescence, attaining dimensions several times larger. Many of the 
more severely affected leaf blades bore more than a hundred of these 
localized discolorations and frequently more than a dozen could be 
distinguished on the sheath, mostly near its juncture with the blade. 
(PI. 12, Ab.) Owing to the large number of spots often present on a 
single foliar organ, an appearance somewhat suggestive of netblotch 
is brought about, but as distinct transverse markings have not been 
observed, the reticulate pattern characteristic of leaves of barley and 
meadow fescue attacked by Helminthosporuim teres and H. dictyaides, 
respectively, is not evident. It may be mentioned that the most dis¬ 
tinctive sharply defined discolorations have usually been found on leaves 
of younger plants, while on the leaves of plants attacked after the heading 
stage the discoloration frequently appeared to be somewhat suppressed. 
In any case, however, the organs attacked soon turned yellow at the 
tip and withered, the withering eventually involving the sheaths as well 
as the blades. 

Microscopical examination of leaves that had succumbed to the malady 
revealed an abundance of fructifications typical of the genus Helminlho- 
sporium emerging from the dead tissues. Although the symptoms of 
the disease caused by it are quite different from those of the stripe 
disease of barley, the fungus shows a strong resemblance to H. gyamineum. 
The spores of the two species are nearly similar in shape, being usually 
straight and cylindrical or tapering toward the tip. The tendency 
toward tapering, to be sure, is more pronounced in the conidia of the 
parasite on Italian rye grass, which, moreover, when fully matiure, are of 
a brown or brownish olivaceous color, appreciably darker than the yellow 
fuliginous hue characteristic of the spores of the stripe fungus. With 
this deeper coloration is associated a peripheral wall, decidedly thicker 
than the spore wall of subhyaline-spored types but inferior to that of 
species possessing olivaceous spores of the type of H. satvmm. The 
conidia of the form on Lolium tnvlfiflorum are perceptibly longer than 
those of H. gramineum, and a proportional inequality obtains in regard 
to the spore segments of the two species. 

Germination in water normally takes place in a manner very similar 
to the germination in H. gramineum; that is, by the production typically 
of one or two germ tubes from both apical and basal segments and a 
single tube from several or all intermediate segments, although occasion¬ 
ally two tubes may be proliferated from an intermediate segment. The 
production of sporophoric processes by conidia under natmal conditions, 
while not uncommon, is not as frequent in the fungus on L. multiflorum 
as in the stripe fungus, and apparently usually comes to an end with the 
production of a single secondary conidium. 

The form on Italian rye grass shows considerable resemblance to 
Helminthosporium didyoides on meadow fescue, not only in general 
pathological habit but in morphological details as well. The conidia 
are largely of the same straight cylindrical or tapering form. They 
are noticeably larger, however, more frequently septate, and when fully 
mature darker and provided with a thicker peripheral wall. The mode 
of germination also shows some differtnce, the parasite on Lolium multi- 
ftonm being usually more prcffuse in the production of germ tubes. 
With the form described in this paper as H, sienacrum occurring on 
Agyostis stolonifera the fungus is not readily confused, being distii^[uished 
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by its smaller dimensions, thicker peripheral wall, and absence of attenu¬ 
ated apical prolongation. 

Although not much importance can be attributed to the length of 
the conidiophores as a diagnostic characteristic, it may not be super¬ 
fluous to mention that in the species under consideration these struc¬ 
tures show a rather usually wide range in this dimension. This vari¬ 
ability apparently is les§ due to differences in length of intervals between 
the points of insertion of successive spores than to pronounced differences 
in length of the sterile portion below the insertion of the first conidium. 
It is not difficult to suppose that changes in environmental conditions are 
responsible for either greater or lesser development of the sporophore 
preliminary to the proliferation of the first conidium, resulting in con¬ 
ditions like those illustrated in Plate 12, Fe-j, on the one hand, and like 
those figured in Plate 12, Fa-d, on the other. 

A fungus quite indistinguishable from the form on Italian rye grass 
was found to occur abundantly in Virginia and Maryland on the closely 
related host, Lolium perenne. An examination of numerous specimens 
of diseased perennial rye grass collected near Annapolis in May, 1921, 
and in the vicinity of Washington, D. C., during the months of May 
and June, 1922, revealed no constant or significant morphological charac¬ 
teristics by which the form parasitic on this forage crop could be dis¬ 
tinguished from the parasite on Italian rye grass. In the absence of 
any cross-inoculation work the writer is inclined to regard the fructifi¬ 
cations on the two hosts as belonging to the same species of Helmintho¬ 
sporium. It must be noted, however, that the attack of the fungus on 
L. perenne is usually not associated with the conspicuous spotting of the 
leaves readily observed on affected foliage of L. mnltiflorum, the dis¬ 
coloration being generally less evident and in many instances scarcely 
demonstrable. In the latter event, the withering of the foliage due to 
the parasite is, without microscopical examination, not very easily 
distinguished from the vegetative decline associated with drought or 
normal ripening. 

As a large proportion of the leaves of the two species of Lolium are 
killed prematurely, it is safe to assume that the parasite interferes with 
the development of the plants sufficiently to cause appreciable economic 
loss. According to the writer's observations, the leaf disease attributable 
to the parasite constitutes the most destructive fungus trouble affecting 
the two valuable forage grasses in Maryland, Virginia, and the District 
of Columbia. That it has hitherto apparently escaped the attention of 
American pathologists is indicative more, perhaps, of neglect of diseases 
destructive to the graminaceous forage crops than to a possibly limited 
distribution. 

It is interesting to note that in 1903 Diedicke (29) made mention of the 
occurrence of a species of Helminthosporium on Lolium perenne, causing 
a local infection similar to that occasioned, for example, by Helmintho¬ 
sporium bromi or H. teres on their respective hosts. No fiurther description 
was given, and this investigator, after failing to connect the fungus with 
any ascigerous stage, apparently paid no further attention to it. Whether 
the American fungus is the same as that observed by Diedicke in Germany 
is a question open to conjecture. In any case, it appears not to have been 
described; and it evidently is distinct from the o^er species parasitic on 
grasses studied by the writer. It appears expedient to recognize it as a 
species, for which, because of its pa^ological effect on the foliage of its 
hosts, tiie specific name siccans is proposed. 
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DIAGNOSIS 

Helminthosporium siccans, n. sp. 

Occurring on Lolium multifiorum Lam. (type) and L. perenne L., on which hosts it 
causes a moderately destructive disease of the foliage, producing typically numerous 
dark brown longitudinally elongated spots, usually measuring o.i to 0.3 mm. in width 
by 0.2 to I. o mm. in length that by coalescing often appear as discolored areas several 
times larger. Affected leaves later dying, the withering beginning at the tip of the 
blade and eventually involving the sheath wholly or in part. 

Conidiophores olivaceous, emerging usually singly, less frequently in pairs, and 
rarely in groups of three from stomata or more especially from between epidermal cells 
on the vascular ridges; measuring 7 to 9 in diameter by 50 to 300 ju in length; i to 9 
septate, the septa inserted at intervals of 15 to 90 )u; producing first conidium at a dis¬ 
tance of 50 to 250 At from base; points of attachment of successive conidia at angles of 
geniculate irregularities occurring at intervals of 5 to 30 /x. 

Conidia subhyaline or light fuliginous when newly proliferated, later becoming yel¬ 
low, brownish, or brownish olivaceous, never dark olivaceous like Helminthosporium 
sativum; when fully mature provided with a moderately thick peripheral wall; typi¬ 
cally straight or slightly curved; measuring usually 14 to 20 n in diameter by 25 to 130 n 
in length; usually subcylindrical, or tapering slightly or more markedly toward 
apex, the distal segment often not exceeding lo m in diameter, or rarely greater in diam¬ 
eter at the distal end than at the base Apical and basal ends abruptly rounded off, 
the contours at the ends being approximately hemispherical. Hilum moderately con¬ 
spicuous included within contours of peripheral wall. Germinating by the production 
of germ tubes from intermediate as well as end segments, the basal and distal segments 
both usually participating in the process by the proliferation of i or 2 lateral or ob¬ 
lique germ tubes. Of the intermediate segments one, several, or all may produce one 
or rarely two lateral germ tubes. Under natural conditions germination by tlie pro¬ 
duction of one or less frequently two sporophoric processes, each bearing usually a 
single conidium, is not uncommon 

Habitat. —Collected in May and June near Annapolis, Md.; Baltimore, Md.; Rock¬ 
ville, Md.; Kensington, Md.; Washington, D. C.; Arlington, Va.; Mount Vernon,Va. 

HELMINTHOSPORIUM STENACRUM, N. SP. 


On specimens of Agrostis stolonifera h- collected at various times in 
September, October, and early November, 1920, in southwestern Connec¬ 
ticut, especially in the vicinity of Stamford and Norwalk, the writer found 
a well characterized species of Helminthosporium occurring with some 
regularity. The fructifications were found on dry withered leaves that 
formed a considerable proportion of the foliage. Owing to the relatively 
small size of the foliar organs concerned, and the absence of any pro¬ 
nounced discoloration, it was not possible to determine definitely whether 
the dying of the leaves was due to the presence of the fungus or to 
other causes. In general, the distribution of the conidiophores on the 
dead tissues suggested a course of events somewhat similar to that exem¬ 
plified by the parasitism of H. turcicum in ordinary seasons—development 
of the fungus on leaves already reduced in vitality as a result of normal 
maturation, followed by the production of fructifications some time after 
their death. 

The sporophores distributed rather sparsely over the surface of the 
withered leaves are moderately large structures of the same general type 
as those of Helminthosporium teres, although usually more abundanUy 
septate and less frequently occurring in groups. (PI. 13, Ca-d.) In 
width, color, character of peripheral membrane, general shape, and mode 
of germination, the spores show some similarity to those of H. gramineum, 
H. teres, and H. avenae. (PI. 13, Aa-r, Ba-c.) In length, however, they 
are decidedly superior to the spores of H. gramineum, and in an approxi¬ 
mately equal degree inferior to those of the other two species. While 
in newly proliferated spores the peripheral wall may exhibit slight 
constrictions at the septa, the contour of fully mature spores usually is 
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altogether smooth, a detail in which the species shows more similarity 
to H. siccans and H, gramineum than to the barley net-blotch fungus. 
No tendency toward the production of secondary spores, such as is 
manifested in H, gramineum and H, catenarium, has ever been observed. 
As in catenarium^ however, the distal portion of the spore is frequently 
produced into a somewhat constricted apical prolongation. Apparently 
such modification is the result of development taking place subsequent 
to the proliferation of the spore in its original condition, and thus, in 
a sense, is of secondary origin. In any case, the apical extension is 
characterized by a conspicuous paucity of septa, such cross walls as 
are found present usually appearing to have developed tardily, as the 
delimited segments frequently have not contracted away from one 
another along the edge of the plane of contact. 

In pure culture on artificial substrata the fungus produces abundant, 
although not especially characteristic, growth. Normal sporulation on 
the media ordinarily employed in laboratories has not been observed, 
although on tap water agar a relatively sparse production of somewhat 
small, atypical fructifications was brought about. The imbedded 
mycelium shows abundant anastomosis resulting in numerous com¬ 
plexes of inflated cells similar to those produced, for example, by Hel^ 
minthosporium teres, H. bromi, and H. iritici-repentis; and, if the analogy 
is not misleading, pointing toward the existence of an ascigerous stage. 

The fungus appears to be quite distinct from any graminicolous species 
of Helminthosporium hitherto described; as well as from several un¬ 
described forms which the writer has collected on both wild and cul¬ 
tivated members of the genus Agrostis. Because of the somewhat 
attenuated distal prolongation characteristic of many of the spores, the 
specific name stenacrum is suggested. 

DIAGNOSIS 

Helminthosporium stenacrum, n. sp. 

Occurring on withered leaves of Agrostis stolcnifera L. 

Sporophores dark olivaceous, emerging singly or in pairs, usually between adjacent 
epidermal cells; measuring 7 to 10 a* 111 diameter, and 80 to 250 pi in length; 3- to 10- 
septate, the septa occurring at intervals of 10 to 35 /i; producing the first spore usually 
80 to 150 M from the base, the points of attachment of successive spores occurring at 
well-defined geniculations. 

Spores subliyaline to yellowish when fully mature; 15 to 23 by 53 to 135 /x; sub- 
cylindrical with hemispherical or hemi-ellipsoidal ends, or widest somewhat below 
the middle and tapering moderately toward the ends; the apical portion sometimes 
produced into a somewhat narrowed distal prolongation; i to ii septate, the septa 
not associated with constrictions, or marked by barely perceptible constrictions. 
The peripheral wall thin and including the dark hilum within its contour. Ger¬ 
minating by the production of germ tubes from several or from all segments, the 
intermediate segments proliferating usually not more than one tube, the end seg¬ 
ments occasionally giving rise to two or even three tubes. 

Habitat. —Collected near Stamford, Conn., and Norwalk, Conn., in September, 
October, and November, 1920. \ 

HELMINTHOSPORIUM DEMATIOIDEUM BUBAk & WR6bLEWSKI 

In 1916, Bubdk and Wrdblewski {j8 ) described as Helminthosporium 
demaiioideum a fungus occurring in Galicia on the glumes and paleas of 
sweet vernal grass, Anthoxanthum odoratum L. 

Caespitulis minutis, dispersis, pulverulentis, atris. Mycelio dematioideo, repente, 
atrobrunneo. Conidiophoris cylindricis, 25-60 m longis, 5-6 pi latis, subtorulosis, 
septatis, brimneis. 

Conidiiscylindraceo-oblongis, 38-42 m longis, 9-13 /1 latis, maturis 3 septatis, utrinque 
late rotundatis, flavobrunneis, crasse timicatis, levibus. 
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The description applies moderately well to a fungus found occurring 
in abundance on dead leaves of sweet vernal grass collected near Wash¬ 
ington, D. C., June 20, 1920, and at various times throughout July, 1920, 
near Port Washington, N. Y. On the inflorescence, the fungus, it is 
true, also was present, but in much smaller amounts than on the foliage. 
It was also found on withered foliage of Agrostis alba h. ( = ^ 4 . palustris 
Huds.) and Agrostis perennans (Walt.) Tuckerm., collected during July 
and August, 1920, near Brooklyn, N. Y., and Norwalk, Conn., not infre¬ 
quently on the same leaves that bore also fructifications of one or another 
of the two apparently undescribed larger-spored species of Helmintho- 
sporium occurring on these grasses. As the presence of the fungus was 
in no case associated with local discoloration of the foliar tissue that 
served as substratum, it was not possible to determine definitely its rela¬ 
tionship as a saprophyte or possible parasite. It may be said, however, 
that the organism, although fairly common on the different species of 
Agrostis mentioned, was not present in sufficient quantity to justify the 
belief that it was the main cause of the premature withering, abundantly 
observed during the season of 1920. On the other hand, the manner of 
its occurrence on Anthoxanthum odoratum is not such as to exclude the 
possibility of a parasitic relation. For in some collections every leaf 
appears to bear fructifications of the fungus, sometimes, indeed, in great 
abundance and not infrequently to the approximate exclusion of other 
fungi. Owing to the small size of the leaves of sweet vernal grass, and 
the consequent difficulty in recognizing possibly pathological withering 
from the withering normally taking place during the later stages in the 
life of the plant, the presence or absence of a parasitic relation could be 
established perhaps only by well controlled infection experiments. 

The principal circumstance that might suggest a possible lack of iden¬ 
tity of the European and American forms, is the recorded occurrence of 
the former only on the inflorescence of Anthoxanthum odoratum, while 
the latter, although not absent from the inflorescence, is certainly much 
more abundant on the foliage. As sweet vernal grass is an early maturing 
species and as the material from which the description of the Galician 
fungus was drawn appears to have been collected in October, it is not 
improbable that the leaves of the plant were rather poorly represented 
in the type specimens if, indeed, not altogether missing. Thus the 
American fungus may at least provisionally be referred to Helmintho- 
sporium dematioideum, although a few remarks concerning its mor- 
■ phology may not be out of place, especially in view of the brevity of the 
diagnosis given by Bubdk and Wr6blewski. 

The sporophores (PI. 14, Da-c), as indicated in the original description 
by these auldiors, measure only 5 to 6 in width and, compared to most 
gramimcolous congeneric species, are generally decidedly short, although 
not inf)requently exceeding 60 m hi length (PI. 14, Db, c), and even in 
some instances measuring three times as much (PI. 14, Da). They usually 
are found singly or in pairs, rarely in larger groups; are septate usually 
at intervals of 10 to 25 u'> aod often can be collected bearing 6 to 8 
s]pores in situ, (PI. 14, Db.) The spores (PI. 14, Ba-h) are distinctly 
yellowish when fully mature, from 2 to 6 times septate, and measure 8.5 
to 14 by 18 to 48 Ml although the range in septation and in dimensions 
given by Bub^ and Wrdblewski may be regarded as typical. In shape 
they are generally subcylindrical or tapering perceptibly toward the base. 
The proximal septum is frequently, but not constantly, associated with a 
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constriction; the basal, like the distal end, usually presents a hemi¬ 
spherical contour within which the small dark hilum marking tlie point 
of attachment may be readily recognized. Germination normally pro¬ 
ceeds by the production of one to three germ tubes from the basal cell, 
at positions approximately midway between hilum and basal segment, 
not usually immediately adjacent to the hilum. (PI. 14, Ca, Cc-g.) 
Other modes of germination, as, for example, the production of a germ 
tube from the apical segment (PI. 14, Cb), may be regarded as abnormal 
and usually are attributable to the death of the basal segment as evidenced 
by the concave contour of the cross wall in contact with the adjacent 
living segment. 

HELMINTHOSPORIUM TRISEPTATUM, N. SP. 

In collections of velvet grass (Notholcus lanatus [L.] Nash [ — Holcus 
lanatus L.]) made near Port Washington, Mineola, Douglaston, and other 
localities on the western end of Long Island during the months of July 
and August, 1920, a fungus related to the plants usually referred to the 
genus Helminthosporium was found occurring quite commonly on with¬ 
ered or withering leaves. (PI. 14, E.) As the form is of a type some¬ 
what different from the majority of the species of Helminthosporium on 
grasses, and does not appear to have been described hitherto, a brief 
account of it may not be out of place. 

The sporophores (PI. 14, Ha-c) are scattered relatively sparsely 
between the long hairs that constitute the abundant pubescense charac¬ 
teristic of velvet grass. They are distinguished not only by being rela¬ 
tively long, but also by the presence of ring-like thickenings of the 
peripheral well immediately below the points of attachment of the suc¬ 
cessive spores. The upper portion of the sporophore may thus present 
a more or less distinctly moniliform contour, within which the lumen 
maintains an approximately uniform diameter. 

Compared to the other species of Helminthosporium discussed in this 
paper, the spores (PI. 14, Fa-f) of the fungus on velvet grass show per¬ 
haps the greatest degree of constancy with regard to morphological 
features. Associated with the dark olivaceous color is a peripheral wall 
not exceeded in thickness by that of any of the related forms described 
in this paper. At the basal end, however, it decreases uniformly in 
thickness toward the hilum, where the curved inner and outer contours 
appear to become tangent to each other. This condition is present also 
in other forms as, for example, in Helminthosporium monoceras, where, 
however, the wall is similarly attenuated at the apical end, a difference 
reflected in mode of germination characteristic of the species. For, 
whereas H. monoceras germinates from both ends, in the form under 
consideration only the basal segment normally participates directly in 
the process. (PI. 14, Ga-e.) 

The fungus appears to be mainly, if not wholly saprophytic. It is 
referred to the genus Helminthosporium rather than to Brachysporium, 
as in well developed spores (PI. 14, Fe) the length is somewhat greater 
in proportion to the diameter than generally appears to be tme in fungi 
assigned to the latter genus. The specific name triseptatwm is suggested 
because of the number of septa characteristic of typical spores. 
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DIAGNOSIS 

Helminthosporium triseptatom, n. sp. 

Fructifications scattered sparsely on withering leavesof Notholcus lanaius (L.) Nash 
(‘^•‘Holcus lanatus L.).’ usually not visible macioscopically or associated wiui visible 
alterations in the substratum. 

Sporophores arising singly or in pairs, dark olivaceous, 6 to 8 by aoo to 400 /*; usu¬ 
ally 6 to ri septate, the septa occurring at intervals 18 to 40 m in length, averappng 
approximately 25 >»; producing first spore approximately 175 m from base. Prolifer¬ 
ation of spore associated with conspicuous local thickening of peripheral wall resem¬ 
bling ring or band; these thickenings occurring in series, giving upper portions of 
sporophore a more or less moniliform contour. 

Spores dark olivaceous; ellipsoidal or short cylindrical with hemispherical ends, 
sometimes tapering more or less toward basal end; regularly 2 to 3 septate, the septa 
not associated with constrictions in the peripheral wall; the latter unusually thick, 
although somewhat thinner at the distal end, and at the basal end diminishing markedly 
in thickness toward the hilum; the hilum not projecting beyond contour of proximal 
end. Measuring 15 to 21 by 35 to 50 jti; germinating by the production of one or 
two germ tubes at positions adjacent to or in close proximity to hilum. 

Habitat.—Collected during July and August, 1920, near Port Washington, Mineola, 
Valley Stream, Rosedale. ard Douglaston, N. Y. 

HELMINTHOSPORIUM VAGANS, N. SP. 

In July, 1919, shortly after the present studies were begun, the 
writer’s attention was called to a leaf spot of Kentucky bluegrass {Poa 
praiensis L-) that seemed to be generally prevalent in the fields and 
lawns about Madison, Wis. Although almost invariably present 
wherever the host was found, the spots were by no means abundant. 
Usually only a small proportion of the leaves were found diseased, and 
the majority of these bore evidence of only a single infection. Although 
no spores were found associated with the spots during this season, the 
fungus that was obtained in pure culture from the diseased tissue was 
so similar to other species of Helminthosporium in general growth 
characteristics that observations were resumed the following year. 

The leaf spot reappeared late in May, 1920, quite as generally and 
sparingly as during the preceding season. On June 7, material was col¬ 
lected that showed, moreover, an extension of the trouble to the leaf 
sheaths, especially toward the base of the plant, the lowermost ones 
being largely involved in diffuse brown discoloration. The condition 
thus brought about appeared not unlike that present in wheat plants 
affected with the disease attributable to Helminihosporium sativum that 
has in recent years become known as “footrot.” Much more severely 
diseased specimens (PI. 15, A) were collected in Brooklyn, N. Y., on 
August 13, 1920. The foliar lesions, which are of a bluish-black color 
quite intense in the center and fading out gradually at the margins, here 
measured up to 8 mm. in leng& and 3 mm. in width, although usually 
not exceeding a half of these dimensions. Some of the leaves had with¬ 
ered prematurely, the withering beginning at the tip and proceeding 
toward the base. The bases of the lowermost leaf sheaths surrounding 
the "foot” or "crown” of the plant, were thoroughly permeated with 
a brown pigment. On microscopic examination it was found that the 
withered portions of the leaves, as well as the older, dead, discolored 
sheaths, bore in moderate profusion sporophores with spores typical of 
the genus Helminthosporium. 

In addition to the localities already mentioned, the fungus has been 
collected at many stations in the western half of l^ng Isla^, as well as 
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at Bloomini^oii, Ill.; Annapolis, Md.; Washington, D. C.; Hyde Park, 
Mass.; Meriden, Conn.; and Lisbon Falls, Me. It thus appears to be 
quite widely distributed through the northeastern and middle western 
sections of the country. Indeed, the possibility of a distribution nearly, 
if not quite, approaching in extent the range of the host, is not to be 
excluded; for although Poa pratensis is one of the most common and 
valuable of the grasses, both in this country and in Europe, and might 
thus be expected to be kept under observation by pathologists, the fungus 
is nevertheless very apt to escape detection. Not only are the foliar 
lesions caused by the parasite usually small and infrequent, but to a 
casual observer they may readily be mistaken, in spite of the unbroken 
epidermis and more intense dark discoloration, for old sori of Puccinia 
Poarum Niels., almost always present in some abundance. It need hardly 
be mentioned that the economic loss caused by a disease ordinarily so 
lacking in severity is relatively insignihcant; yet under certain conditions 
of moisture and of temperature such as would favor a multiplication of 
foliar lesions and accentuate the footrot symptoms, the damage may 
not be altogether unappreciable. 

On microscopic examination, the fungus shows considerable similarity 
to Helminthosporium sativum, not only in its effect on the host, but to 
some extent also in regard to morphological features. The sporophores 
(PI. 15, Da-g) found on leaves of Poa pratensis, to be sure, are appreciably 
greater in diameter and frequently greater in length (PI. 15, Da) than 
the corresponding structure of the parasite causing spotblotch; and the 
tendency toward branching exhibited by them (PI. 15, Db, e) is rarely 
to be found in //. sativum. On the other hand, complete agreement 
prevails with reference to coloration of the spores, the latter (PI. 15, 
Ba-q) when fully mature, being uniformly dark olivaceous. In both 
species, too, the peripheral spore wall is relatively thick and the num¬ 
ber of septa rarely exceeds the usual maximum of 10. With respect 
to spore shape, the form on Kentucky bluegrass, however, is notice¬ 
ably different, its conidia being typically straight, never, as a rule, be¬ 
coming distinctly curved. 

The most distinctive character, however, is to be found in the germi¬ 
nation of the spore, the germ tubes being proliferated not alone from the 
end segments, but indiscriminately from both intermediate and end 
segments regardless of position; and not infrequently every segment 
participates in the process. (PI. 15, Ca, b.) This behavior would seem 
to suggest a measure of affinity with species having straight cylindrical 
spores like H. teres and H. gramineum, a suggestion borne out in a mea¬ 
sure by the cultural characters of the fungus on ordinary media. Sporu- 
lation very rarely occurs on potato dextrose agar, although an abundance 
of dark aerial mycelium usually is produced. ITie imbedded mycelium 
presents an unusually distinctive aspect, for instead of consisting like 
that of most species of Helminthosporium, of a miscellaneous growth of 
hyphae, it is composed largely of a relatively small number of ramifying 
systems, all of an intense bluish black color, and bearing hundreds of 
branching elements. 

The literature, beyond a brief abstract published by the writer (^31) 
appears to contain no reference to any species of Helminthosporium 
parasitic on Poa pratensis. Karsten (74), in 1884, cited H. flexuosum 
Corda { = Brachysporium flexuosum [Corda] Sacc.) as occurriqg on the 
leaves of a congeneric host, Poa stricta. However, the obvious disparity 
in size and septation between the spores of the species figured by Corda 
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(25) and the one found parasitic on Kentucky bluegrass is such as to 
make it appear altogether improbable that Karsten was dealing with 
the form under consideration. Napicladium gramineum described by 
I'eck (ro<?) as destructive to Poa irivialis h-, is similarly a fungus of much 
smaller dimensions, the i to 3 septate, clavate spores measuring only 10 
to 12 by 30 to 60 n. In more recent years, BaudyS (9) has reported from 
Bohemia, a new species of Helminthosporium on the living leaves of 
Poa trivialis, which he named H. poae. Unfortunately, the writer has 
not been able to secure a copy of BaudyS’ paper and consequently has 
not been able to decide definitely as to any possible identity of H. poae 
Baudy§, either with the species of Napicladium described by Peck, on 
the one hand, or, on the other, with the fungus attacking Kentucky blue- 
grass.'* As Poa pratensis is presumably common in Bohemia, Baudyg’ 
failure to record his fungus as developing on this grass would seem to 
have considerable significance in this connection. The species parasitic 
on Kentucky bluegrass is accordingly described as new; and because of 
its widespread occurrence in meagre quantity, the name H. vagans is 
proposed. 

DIAGNOSIS 

Helminthosporium vagans, n. sp. 

Producing well-defined, bluish-black spots 0.5 to 3 mm. wide, _i to 8 mm. long, on 
the leaf blades of Poa pratensis 1 ,.; on the sheaths the spots less definitely circumscribed 
and near the base of the plant often merging into a generally diffused brownish dis¬ 
coloration. 

Conidiophores emerging from stomata or between epidermal cells of tissues some 
time ^ter death, usually singly or less frequently in pairs; typically simple although 
occasionally branching; dark olivaceous; usually measuring 8 to 10 /i in diameter and 
50 to 280 IX in length; 1 to 10 septate, the septa occurring at intervals of 15 to 40 ix\ 
approximately straight up to point of attachment of first spore 40 to 150/1 from base; 
successive spores produced at apices of moderate or often pronounced geniculations. 

Conidia dark olivaceous when fully mature; cylindrical or slightly tapering tow'ard 
the hemispherical ends; measuring usually 17 to 23 m in diameter by 25 to 1^0 y. in 
length; i to 10 (usually 5 to 8) septate, the septa not associated with constrictions in 
the peripheral wall; the latter always tliick and including the dark hilum within its 
contour. Germinating by the production of 3 to ii germ tubes indiscriminately 
from end and middle segments, a single germ tube usually being produced from several 
or all segments. 

Habitat.—Collected on Poa pratensis aX Madison, Wis.; Brooklyn, N. Y.; Blooming¬ 
ton, Ill.; Annapolis, Md.; Washington, D. C.; Hyde Park, Mass.; Meriden, Conn.; and 
Lisbon Falls, Me. ] 

HELMINTHOSPORIUM RAVENELII CURTIS 

Helminthosporium hofftnanni B. Mss. or H. hoffmanni B. & C. 1857, in Introduction 
to cryptogamic botany, p. 298. 

Helminthosporium tonkinense Karst. & Roum. 1890, in Rev. Mycol. ann. 12, no. 46, 
p. 78. 

Helminthosporium crustaceum P. Hennings 1902, in Hedwigia, Bd. 41, p. 147. 

Although of very little economic importance, Helminthosporium 
ravenelii, owing to its conspicuousness and wide occurrence throughout 
many of the warmer regions of the globe, has become one of the best 
known members of the genus. It was described in 1848 by Curtis (26), 
who noted also its abundant distribution in North and South Carolina. 
This brief account, however, seems to have escaped the attention of 
mycologists generally; for when .Berkeley (rr) soine years later figured 

** Since this text was written, Baudyfi' paper has become accessible. The Bohemian fungus produces 
•pores provided with a to 6 cross-walls and measuring 3^ to 73 m in length. The foliar spots occasioned 
by It are de^ribed as yellowish with a dark brown margin. In respect to these charateristics. the 
departures from the morphology of the American parasite would appear to preclude any likelihood of 
the tvro forms being identical. 
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the fungus in his “Introduction to Cryptogamic Botany,’’ he designated 
it as H. hoffmanni B. and C., without any further comment beyond the 
words, “ From specimens onSporobolusindicus. Sent by Rev. M. A. Curtis." 
Later in a brief descriptive discussion in the “ Notices of North American 
Fungi” Berkeley (12) cited H. hoffmanni B. Mss. as a synonym of H. rave- 
nelii, which binomial he correctly credited to Curtis alone. Neverthe¬ 
less, as the publication of the original specific diagnosis in an American 
journal has apparently remained relatively unknown both in this country 
and abroad, the name frequently has been improperly attributed to the 
joint authorship of Berkeley and Curtis. 

The earliest collections of the fungus made by Curtis were from North 
and South Carolina. Material from the rest of the South Atlantic States 
and from the Gulf States, Georgia, Florida, Alabama, Mississippi, Louisi¬ 
ana, and Texas, as well as from Mexico and China, is included in numerous 
collections in the herbarium of the Office of Pathological Collections. 
Specimens of the parasite collected in Costa Rica were distributed by 
Sydow.“ Kabdt and Bubdk“ distributed material from Uraguay and 
Theissen “ material from Brazil. The fungus, moreover, has been 
reported from Cuba by Berkeley (12), from Bermuda by Seaver {132), 
from New Zealand by Kirk {78), from New South Wales by Cobb (22), 
and from the Philippines by Hennings (60), Baker (5), H. and P. Sydow 
(T48), and Yates (160). lliere is good reason to believe that its dis¬ 
tribution is practically coterminous with that of its host, Sporobolus 
indicus R. Whether other grasses also are subject to attack is not 
altogether certain, although Yates {160) records the occurrence of the 
fungus on the inflorescence of Panicum auritum in the Philippines, and 
Fimbristylis is given as the host on the covers of Theissen’s Brazilian 
specimens. More information concerning the identity of the host 
material on which these records are based would be desirable. It may 
be stated that Sporobolus angustus Buckl. and S. elongatus R., sometimes 
mentioned as hosts, are listed in the Index Kewensis as synonyms of 
5 . indicus. 

Ilelminthosporium ravenelii attacks the inflorescence of Sporobolus 
indicus in our southeastern states with such regularity that, as has been 
observed by Curtis {26), Jennings (67), and others, it is often quite 
difficult to obtain a specimen of this species of grass entirely free from 
the fungus. Indeed, there is reason to believe that the distinctive color 
and texture of the diseased panicle is popularly regarded as common¬ 
place attributes of the host, as is evidenced by the common names applied 
to it in the United States, namely, “black seed grass’’ {26) and “smut 
grass" (47). These terms are fairly accurately descriptive of the later 
stages, when the infected inflorescence has a black crusted appearance; 
but much less accurately descriptive of the earlier stages (PI. 16, A) 
when the fungus is present as a velvety or spongy layer of a brownish 
olive color, that only later becomes increasingly dark. 

This velvety layer, under the microscope, is seen to consist of crowded 
sporophores (PI. 16, B) arising from a mat of interwoven colorless 
mycelial hyphae that occupy the superficial layers of the affected floral 
parts. Unlike the homologous structures of nearly all congeneric forms 
parasitic on grasses, the sporophores of H. ravenelii exhibit a constant 

8yi>ow» H. mcGX BXcmcA KX^iccati. H$lminthospoTHm rtmntUi B. and C. No. 44^. 19x9. 
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tendency toward branching. They are light fuliginous to light yellowish 
in color; very noticeably torulose, hence decide^y variable in ^ameter, 
this dimension ranging from 5 to 10 ju, while the length often exceeds 
500 m; and usually septate at intervals of from 20 to 40 u- 

The spores (PI. 16, Ca-q), borne in great abundance at the apices and 
geniculations of the distal portions of the fructifications, are straight or 
show a slight crescentic or sigmoid curve; rounded at both ends, the apical 
end often more broadly than the basal end, owing to a tendency toward 
tapering in the basal and juxtabasal segments; 12 to 19 in diameter by 
22 to 78 n in length; and i to 5 (usually 3 or 4) septate, the septa rarely 
associated with perceptible constrictions in the contour of the thin 
peripheral wall within which, at the point of attachment, the small dark 
hilum is readily observed. The conidia germinate readily in water, 
sending out a germ tube from one, or more usually from both, end 
cells. (PI. 16, Da-e.) 

Karsten and Roumegu^re (75) have described a fungus from Tonking 
growing apparently on the same host {Sporobolus tenacissimus, the host 
name given, being listed as a S3mon3ntn of 5 . indicus in the Index Kewensis) 
and corresponding to Helminihosporium ravenelii in all details relating to 
habit, color, and structure of conidiophores, as well as to color, structure, 
and dimensions of conidia. This form, which they designated as a new 
species, H. tonkinense, and regarded as being related to H. ravenelii, is 
undoubtedly altogether identical with the latter. Nor can there be 
much question that the same holds true also of H. crustaceum described 
from Java by Hennings (j8) as forming dark crustaceous effuse tufts on 
the inflorescence of a species of Sporobolus. According to this botanist, 
H. crustaceum is related to H. ravenelii but distinct on account of its 
conidia. Inasmuch as the latter are characterized as— 

Oblonge clavatis vel fusuidois, utrinque obtusis, rectis vel curvulis, 40-60X12-16 11, 
3-5 septatis, baud constrictis, fuscis— 

in all of which particulars the agreement with H. ravenelii is at least 
reasonably close, the writer is inclined to believe that Hennings's binomial 
should be regarded as a synonym until some evidence for the justifica¬ 
tion of a new species has been adduced. 

HEtMINTHOSPORIUM SATIVUM P. K. & B. 

Helminihosporium acrothecioides Lindfon 1918, in Svensk Bot. Tidskr. v. la, p. 327. 
Helmintkosporium, gramineum of E. C. Johnson, Massee, Palm, Bassi, not Rabenhorst. 
Helminihosporium inconspicuum of Peck, Atkinson, not Cooke & Ellis. 
Helmintkosporium Sorokinianum Sacc. 1891, tn Ztschr. Pflanzenkr., Bd. i, p. 336-239. 
Helminihosporium teres of Bakke, not Saccardo. 

Helminthosporium sp. of Beckwith, Bolley, Evans, Hamblin, Himgerfqrd, McKiimey, 
Stakman, Stevens, Waterhouse. 

Although the fungus to which it has appeared advisable to apply the 
binomial given by Pammel, King, and Bakke {104), probably is the 
species m<^t frequently encountei^ by plant pathol^^ts, it has been 
the subject of much confusion in the literature. Tbis condition is 
largely attributable to the fact not hitherto generally recognized that 
it occurs on a number of graminaceous hosts, several of which, more¬ 
over, are affected by one or more congefietic parasites. As the specific 
characteristics of the latter have not always been dearly distinguished, 
and as the fungus under condderadon diows a tendency toward variation 
in rmponse to varied environmental conditions, occasion for erroneous 
Identification has not been laddng. 
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NOMBNCLATURB 

In 1891, a brief anonymous account (i3<^ppeared concerning Helmin- 
thosporium Sorokinianum, Sacc. (in litt), a fungus which Sorokin {13^ 
had found occurring on the spikes of wheat and rye in the South Ussurian 
region in Russia. The spores were later described in Saccardo’s {128, 
V. 10, p. 415-416) diagnosis of the species as— 

acrogenis, ovato-fusoideus, xnajusculis, 80-100 x 30, rufobnmneis, 5-10 septatis, 
passim lenissinic constrictis, rectis curvtiHsce. 

This characterization applies fairly well to the spores found occurring 
on wheat spikes in the United States with reference to shape and 
septation. The dimensions given also are not outside of the ranges in 
dimensions found in this country, the figures given for length correspond¬ 
ing closely enough, although 30 n constitutes a maximum width (pi. 18, 
Fe) not attained by a large proportion of conidia. It appears quite 
probable, therefore, that the Russian fungus is identical with the Ameri¬ 
can form. However, because the spores of the latter, when fully matured 
and in a living condition, are dark brown or olivaceous rather than 
reddish brown, the identity of the two forms can not be regarded as 
firmly established. Therefore, in spite of the priority of Saccardo’s 
binomial, the writer believes it advisable to treat it as a probable synonym. 

In 1909, Pammel (103) recorded the occurrence during the preceding 
season of a barley disease in Iowa differing from the stripe disease. 
A more complete account of this trouble was published in 1910 by 
Pammel, King, and Bakke {104), in which the casual organism was 
described as having fascicled fuscous brown septate conidiophores, 
8 to 10 n wide, bearing a large cylindrical dark brown spore, with 7 to 12 
divisions, and measuring 15 to 20 by 105 to 130 ix. The fungus was re¬ 
garded as closely related morphologically to Helminthosporium teres, 
but in the absence of comparative cultural studies was provisionally 
given a new specific name, sativum. Later, however, one of the authors, 
Bakke (d), presumably as a result of cultural experiments and in con¬ 
formity with opinion secured from Saccardo and Ravn, definitely referred 
the disease to H. teres Sacc. Although indications are not wanting that 
Bakke in this later work was dealing to some extent with the latter 
organism, the figures as well as the text leave no room for doubt that 
he was in the mam concerned with the same disease and the same parasite 
that had been discussed in the preceding Iowa publication. Inasmuch 
as H. teres and the fungus causing “ late blight” of barley are not identical, 
representing, indeed, two quite distinct congeneric types, it would seem 
that Bakke was in error in repudiating H. sativum as an independent 
binomial. 

In 1918, Lindfors {84) described from Sweden as Helminthosporium 
acrothedoides a fungus he had discovered on barley seed that had been 
germinated on filter paper. Its morphological features correspond 
completely with those of the American fungus developing under the warm, 
damp conditions obtaining in germination app^atus, when, as the 
writer has observed in hundreds of instances, discolored barley seeds 
or wheat seeds aff^ted with “black point” are incubated.on moist 
filter paper. The figures and the characterization of the conidia as 
“ narrow ellipsoid to spindle-shaped, with blunt ends, 60 to 95 by 20 to 24 
M, with 7 to 9 septa, and a thick, dark olive brown epispore,” apply so 
well to the American form that Lindfors’s binomial may very stffely be 
regarded as a synonym. 
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OCCURRENCE OP THE FUNGUS ON BARNEY 

Of the graminicolous species of Helminthosporium thriving in our 
northern latitudes, H. sativum shows, perhaps, the strongest omnivorous 
tendency, being vigorously parasitic on a number of grasses and occurring 
on others apparently in a manner more nearly suggesting a saprophjrtic 
relation. Its greatest luxuriance is attained, nevertheless, on the foliage 
of barley, from which it originally was described. According to the 
records of the Plant Disease Survey, the fungus has been reported on 
barley in 24 states, including all of ^e more important barley-growing 
sections of the country. Giissow {48) early recorded its occurrence on 
the same crop in Canada. 

Although the host is susceptible at any stage of development, the use 
of affected seed often resulting in the appearance of severe lesions in the 
basal portions of the young seedlings, the disease usually does not begin 
to show up in quantity until the plants are heading out. It is manifested 
by the appearance of spots varying from 0.5 to 3 mm. in width and from 
2 to 15 mm. in length, usually dark brown in the center and fading 
gradually at the margins into the green of the surrounding tissue. (PI. 17, 
B.) The lower leaf blades are fet affected, the discolored areas multi¬ 
plying until scores of them may be present on one foliar organ and a 
considerable portion of the leaf tissue is involved (pi. 17, A). As a 
result the leaf soon withers and dies, the discolored areas fading slightly 
and becoming vaguer in outline, while the parts not visibly altered in 
appearance take on a grayish hue. The foliar spots never become 
bleached in the center as those caused by H. leersii on Leersia virginica; 
nor exhibit a reticulate pattern, like those induced by H. terti on barley; 
nor are they surrounded by a zone of leaf tissue from which the chloro¬ 
phyll has disappeared like those produced by H. bromi on Bromus inermis. 
At the same time the destruction of the lower leaves takes place, the 
disease makes progress in the younger foliage, which then succumbs in 
the same way, until the uppermost leaf is affected. The effect of this 
virtual defoliation is to hasten the ripening processes. In a season 
favorable for the development of the disease, the grain may be ready for 
harvesting perhaps two weeks earlier than when the trouble is absent. 
As might be expected, the yield is decreased in a measure approximately 
corresponding to the shortening of the growing period. 

Although the foliage of barley is most severely attacked the inflores¬ 
cence, as Pammel, King, and Bakke (104) pointed out, is not immune. 
The fungus may be found on the glumes and not infrequently on the 
seed. The diseased kernels usually are readily distinguished because of 
the dark-brown discoloration at the germ ends, a feature that has, 
indeed, been utilized by Atanasoff and Johnson (j) in selecting infected 
material for experiments on the dry-heat treatment. When such dis¬ 
colored kernels are placed in a germinator the fungus becomes visible 
usually within 24 hours as a delicate white velvety outgrowtii, that soon 
spreads on the filter paper or other material as an ^used arachnoid myce- 
.lium and produces, n the conditions are not too moist, an abundance of 
fmctifications. A reduction in viability, usually apparent in slightly 
discolored seed, may become very considerable when the seed is more 
severely affected. After the basal sheath has been developed this organ 
often is attacked by the fungus and as a result takes on a yellow or light 
yellowish-brown discoloration. A considerable proportion of the rootlets 
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may be invaded in the same way, often stunting their development and 
softening the discolored cortical tissue. Undoubtedly, quite similar 
pathological processes take place when the seedlings are planted in soil. 
The effect of such early infection, moreover, then becomes apparent in 
the development of the seedling, for, in addition to the lesions on seed, 
sheath, and root system, conspicuous dark brown spots may occur on 
the first few leaves, thus giving rise to the thoroughly diseased condition 
described and illustrated by Atanasoff and Johnson. 

It may be mentioned in this connection that a discoloration of barley 
seed evidently quite similar to that frequently observed in the United 
States was noted by a number of European writers. Zobl {163, 164), 
in 1892, published some papers on “brown-pointed” {braunspitzige) 
barley, in which the discoloration is described as being most intense at 
the base of the seed and decreasing toward the apex. Although various 
fungj belonging to the genera Sporodesmium, Cladosporium, Helmintho- 
sporium, and Dematium were found associated with discolored seeds, 
Zobl attributed the brown-point condition primarily to Cladosporium 
hcrbarum. Puchner (113), in some studies on “black-pointed” (schwarz- 
spitzige) barley seed, found that these germinated abnormally, often 
producing plants the leaves of which bore brown spots. However, when 
barley seed similarly affected was treated with copper sulphate prelimi¬ 
nary to sowing the foliar lesions failed to appear in the seedling, although 
during the later stages in development the foliage and inflorescence of the 
originally healthy plant were as subject to attack as those of a diseased 
specimen. Ravn {115) found a fairly close correlation existing between 
the prevalence of net-blotch and “brown point” (brune Spidsers) in the 
seed. Without regarding a causal relation as firmly established, he 
nevertheless appears to have been inclined to see in Helminthosporium 
teres the most probable cau.se of seed discoloration. 

While the evidence adduced by Ravn would appear altogether suffi¬ 
cient to justify his view, as far as conditions in Denmark at the time his 
investigations were carried on were concerned, the fact remains that in 
our North Central States H. teres is not generally associated with black- 
pointed barley seeds. On the other hand, as has been mentioned before, 
the association of H. sativum with this condition appears unusually 
constant. For example, when discolored barley seeds from stock grown 
in Wisconsin are plated on agar, after proper surface sterilization, only 
a very small proportion of seeds will fail to give rise to mycelia and 
conidiophores of the parasite causing spot-blotch. Presumably H. sati¬ 
vum is of less frequent occurrence on barley in Europe than in the United 
States. That it is more common than the absence of references from 
European literature might lead one to infer is suggested, for example, 
by Massee’s (go) account of H. gramineum. The ambiguity with regard 
to the host range of the fungus, and the longevity, color, and size of the 
conidia, fortunately is explained by figures of these bodies (fig. 132-6), 
which show beyond any doubt that this author was dealing not with the 
stripe fungus but with the parasite causing spotblotch. In Lindfors’ 
(<?4) description of H. acrothecioides the existence of a species of Helmin¬ 
thosporium on barley other than H. gramineum and H. eventually 
was recorded, but its relation to pathological lesions in the growing 
plants of either barley or of wheat or rye has apparently not yet been 
recognized. 
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OCCURRBNCB ON WHBAT AND RYB 

Helminthosporium disease of wheat affecting seedlings as well as 
older plants was reported, according to the files of the Plant-Disease 
Survey, as doing considerable damage in several seasons during the past 
decades, especially in North Dakota and Minnesota. In the former 
State, Bolley (14) found one or more species of Helminthosporium 
responsible in large measure for the deterioration of wheat production. 
Isolations made from various parts of diseased wheat plants revealed the 
presence, in addition to representatives of the genera Altemaria, Colle- 
totrichum, Fusarium, and Macrosporium, of strains of Helminthosporium 
in the nodes and intemodes of the stem, as well as on the surface and in 
the interior of the kernels (15). Of special interest is the account given 
by the same author of a type of infection designated as “brown spot” 
and manifested by brown discoloration of the lower portion of the wheat 
stems near the soil line. Such attack was found to occasion reduction 
in tillering, as affected stools usually consisted of only one, or more 
frequently, two tillers, the other tillers being represented by abortive 
shoots or intercepted buds. Beckwith’s (10) study of the occurrence of 
soil fungi in North Dakota showed that strains of Helminthosporium 
were found occurring considerably more abundantly on the nodes and 
intemodes of wheat in the wet season of 1909 than in the dry season of 
1910. 

Later, E. C. Johnson (71) published the results of experiments on 
certain cereals with a fungus he designated as Helminthosporium gra- 
mineum Rabh. Inoculation of young seedlings of wheat, barley, oats, 
and rye with spores from pure cultures originally isolated from the lower 
parts of the culms of wheat, as well as from wheat leaves and barley 
leaves, resulted in the prompt appearances of leaf spot on all the four 
graminaceous species. When wheat seeds inoculated with spores were 
sown, their germination was considerably reduced, and the resulting 
plants were stunted in comparison with uninoculated controls. Indeed, 
some of the inoculated seeds were attacked so promptly that they had 
no opportunity to germinate; in other cases, the young plants were killed 
before they were an inch high. The attack on the surviving seedlings 
was manifested by a brown discoloration at the base of the culms, usually 
occurring in the basal leaf sheath, and subsequently extending to the 
root crown, as well as by the partial brownish discoloration and reduced 
development of the root system. Barley and oat seed similarly treated 
were not perceptibly reduced in viability, although the resulting barley 
seedlings were somewhat retarded in growth and exhibited in smaller 
degree the same type of discoloration as the diseased wheat seedlings. 

In spite of E. C. Johnson’s statement that the strain of Helmintho¬ 
sporium discussed in his paper corresponded in cultural and morpho¬ 
logical characteristics to the descriptions of Ravn (115), there are strong 
reasons for suspecting that his fun^s was not identkid with the parasite 
causing barley stripe. The latter, in the writer’s experience, can not 
be made to sporulate in pure culture except in meager quantity, any 
profuse sporulation, such as was presumably induced in all the imperfect 
fungi employed by E. C. Johnson, certainly never having been observed 
in H. gramineum. Moreover, the pathological lesions producad in his 
experimental plants obviously bore little resemblance to those of the 
systonic trouble described by Ravn. On the other hand, the symptoms 
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correspond accurately with those noted later by Atanasoff and Johnson 
(5) on seedlings grown from seed infected with H. sativum. 

In 1918, Palm (ror) reported from Java the occurrence of a species 
of Helminthosporium on wheat which he designated as Helminihosporium 
gramineum ([Rabh.] Eriks.?). The fungus was found present on the 
glumes as well as on the perceptibly shrunken kernels, through the 
agency of which the author believed the infection to be transmitted. 
The statements relating to the long worm-shaped, usually curved, 6-to 
lo-septate spores measuring 65 to 110 fi in length, and 15 to 20 fx in 
width, and more especially the accompanying figures, indicate that the 
Javan fungus differs conspicuously from the parasite causing stripe but 
shows complete similarity to H. sativum, as it occurs on the same host 
in this country. 

Considerable attention has been given during recent years to a diseased 
condition found prevalent on wheat in the vicinity of Granite City, Ill. 
Stevens (140) recognized the trouble as a typical footrot whi^ he 
attributed to a species of Helminthosporium found constantly associated 
with it and producing luxuriant growth on a variety of substrata. The 
conidia were described as structures approaching a narrow or broadly 
elliptical shape measuring 24 to 122 /*, usually 80 to 90/1, in length; 
containing from o to 13, usually 5 to 10, septa or false septa; possessing 
an outer thin dark wall and an iimer colorless thick wall; and germinating 
by the production of one or two polar germ tubes. The causal relation 
of the fungus with the disease presumably was established, moreover, 
by successful inoculation of the unwounded intemodes of wheat seedlings. 
When wheat seeds were inoculated with spores of the fungus and germi¬ 
nated in a seed tester, the host tissue was quickly invaded, leading to the 
production of brownish spots, and under favorable conditions to general 
rotting and death of the innermost leaves {141). Inoculation of the 
roots was followed by invasion and discoloration of the cortex. 

McKinney (86), who also carried on studies near Granite City, Ill., 
similarly found a species of Helminthosporium present on wheat, asso¬ 
ciated with lesions often developing during the later stages of the disease. 
Apparently, however, he did not regard the latter primarily as a foot rot, 
but rather as a trouble having somewhat different symptoms which, at 
least during the early spring stages, was not found constantly associated 
either with any perceptible lesions or with any specific organisms what¬ 
ever. In a later note, McKinney (87) states that all the strains of Hel¬ 
minthosporium isolated from wheat appear to be similar, if not identical, 
not only to one another, but also to H. sativum derived from barley leaves 
affected with spotblotch. And this similarity was found to obtain with 
reference to the morphology of the fungi from the two sources as well as 
to their pathological properties as evidenced in cross inoculation experi¬ 
ments. 

A critical study of a Helminthosporium disease of wheat and rye was 
published recently by L. J. Stakman (138). The malady, which was 
unusually common in Mumesota in 1919, was manifeted early in the 
season as a seedling blight, characterized by brown discoloration of the 
roots, either in extensive patches or in numerous small irregular lesions; 
by the presence of rust-brown streaks or blotches on the “foot” or base 
of the stem, later progressing to the inner sheaths; and by a general 
dwarfing of the plants, the leaves of which were conspicuously stimted, 
very narrow and pale reddish tan in color. Many of the affected plants 
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died in the seedlinj^ stage. Others, however, recovered and grew to 
maturity, although tiie older plants frequently suflFered not only from the 
persisting foot lesions, but also from secondary infections. As a result 
of the latter, numerous dark brown spots, about i mm. long, appeared 
on leaves, nodes, neck, and glumes, and brownish streaks were found 
present on the intemodes. The discolored areas later became paler, and 
developed a coating of Helminthosporium fructifications. On potato 
dextrose agar the fungus produced an abundance of spores, which were 
described as being straight or curved, dark blue to brown in color, 3- to 
8-septate, and measuring on the average 41 by 20 n. Cross inoculations 
carried out with cultures of the Helminthosporium species isolated from 
wheat and rye, indicated that the fungi from these two different hosts 
were as indistinguishable in respect to patliogenic properties as in respect 
to morphology. It is especially significant that the strains from rye 
infected barley, and that a form identified as Helminthosporium sativum 
produced infection on wheat. 

A form of disease strikingly similar to that described by L. J. Stakman 
was observed on wheat by Bassi ( 5 ) during the season of 1921 near 
Piacenze in northern Italy. Two types of the malady, “nerume,” were 
recognized, one affecting the tender shoots of wheat or rye in autumn, 
the other present the following summer on more mature plants. In the 
former type, growth is conspicuously stunted, the roots and nodes are 
involved in decay, and tlie leaves, besides being greatly reduced in size, 
assume a light reddish, olivaceous color and eventually wither and die. 
Characteristic lesions are found on the base of the culms either as local 
dark reddish streaks or as a more entensive discoloration. The roots are 
attacked also, the cortical tissue often being injured so severely that 
when the plants are pulled up the vascular elements are extracted from 
the cortex which remains behind. The second type of infection is mani¬ 
fested by tlie appearance on the leaves of numerous small dark brown 
spots, but more particularly by an attack on tlie nodes (“marciume dei 
nodi”) so that the latter frequently show on their margins dark brown 
horizontal lines composed of spores of the fungus. Brown lesions occur 
on the internodes, as well as on the glumes, which in the final stages, after 
sporulating commences, assume a dark tinge. The kernels also often 
are attacked, then becoming discolored and failing to attain full develop¬ 
ment. The fungus on specimens of diseased plants sent to Padua for 
examination was identified as Helminthosporium gramineum. 

In a recent paper Hamblin (49) reports the prevalence of a footrot 
disease of wheat due to a species of Helminthosporium in widely sep¬ 
arated regions of New SouA Wales. The damage occasioned by the 
fungus in 1921 is believed to have been greater than the loss due to 
“take-all," varying from 2 to 3 up to 85 and 90 per cent. Apparently 
the symptoms of ^e Australian trouble are very similar to those noted 
in the United States and Italy. Tillering is greatly reduced, the tillers 
being usually not in excess of two or three. As the root system is poorly 
devdoped and affected by decay, diseased plants are easily pulled up. 
At and below the ground levd ^e base of the plant shows brownish 
discoloration, dther uniformly diffused through the culm and sheaths 
or present in the form of spots or streaks. The inflorescence of affected 
plants fails to attain normal devdopment, some of the heads failing to 
set any seed, others setting seed only in a portion of the spikelets, and 
others setting seed in all the spikdets, but the seeds remaining 
pinched and imdersized. Although Hamblin gives no textual descrip- 
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tion of the parasite, the figures of the sporophore and conidia show an 
unmistakable resemblance to those of H. sativum developing in artificial 
culture or on natural substrata under moist conditions. 

Another reference to the relation of an unidentified species of Helrain- 
thosporium to root rot of wheat is given by Raeder (j/4) who observed 
considerable damage caused by this trouble in Idaho. His description 
of the symptoms—stunting of the heads, shriveling of the grains, dis¬ 
coloration of the sheath at the base, and occasionally also of the lower 
nodes—certainly suggest the spotblotch fungus. Snowden’s {135) report 
of H. sorokinianum on wheat in Uganda may plausibly be interpreted 
as referring to the same parasite. 

The accounts briefly summarized in the preceding paragraphs con¬ 
cerning the occurrence of a species of Helminthosporium on wheat in 
association with well-defined lesions raise the questions as to whether 
one or several congeneric forms are concerned. The writer has examined 
scores of strains of Helminthosporium isolated from black-pointed 
wheat seeds (PI. 18, Aa-Cb), from discolored portions of the stems 
and leaves of both young (PI. 18, E) and more mature wheat plants, 
and from conidial fructifications occurring on the glumes of wheat 
heads (PI. i8, D). Although the material was obtained from a consitler- 
able number of localities in the middle western section of the United 
States, no constant morphological differences such as distinguish the 
different species discussed in tliis paper, could be detected between the 
various strains. Nor was it possible to recognize any significant differ¬ 
ences between the forms isolated from wheat and various strains of 
H. sativum isolated from barley leaves heavily affected by spot blotch. 
In some preliminary cross inoculation experiments undertaken by the 
writer, barley and wheat seedlings proved equally susceptible to attack 
by strains derived from the same and from tlie reciprocal host; and the 
lesions produced were indistinguishable regardless of the source of the 
inoculum. Such identity of morphological and physiological charac¬ 
teristics, altogether in harmony with the findings of L. J. Stakman (/ 38) 
and of McKinney {Sy) have convinced the writer that for the most part 
a single species of Helminthosporium, namely, H. sativum, is involved in 
the widespread infection of wheat manifested variously by such symp¬ 
toms as stunting of growth, seedling blight, basal browning, root rot, 
foot rot, node decay, leaf spot, stem discoloration, and black point. 
And as the reports of Sorokin, L. J. Stakman, and Bassi indicate, the 
same fungus evidently is associated with similar pathological conditions 
in rye. 

In another connection, it is true, attention has been called to the fact 
that the type of injury occasioned by Helminthosporium sativum on the 
wheat plant is duplicated by the attack of .several congeneric species on 
other hosts, as, for example, H. vagans on Poa pratensis and H. monoceras 
on Echinochloa crus-gaUi. The occurrence of one or more species of Hel- 
minthosporium other than H. sativum, associated with similar lesions is 
consequently not to be excluded as a possibility. Nevertheless, there 
seems to be little reason to believe that H. g^amineum has ever been 
found parasitic on wheat in spite of the papers of E. C. Johnson, Palm, and 
Bassi, indicating such parasitic relation. The reports of Johnson and 
of Palm, as has been pointed out, appear to have been based on obviously 
erroneous identification of the fungus concerned. And the form of dis¬ 
ease described by Bassi corresponds so well to the trouble investigated 
by L. J. Stakman that it is hardly probable that two separate species 
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are involved. While the Minnesota fungus was not definitely identi¬ 
fied as H. sativum, its similarity to the latter fungus with regard to 
morphological and cultural characters is certainly very close. To -be 
sure, L. J. Stakraan states that the spores of the wheat parasite, while 
resembling those of H. sativum in shape, “contain few septations and 
are shorter than those described by Pammel, King, and Bakke.” How¬ 
ever, as the Minnesota fungus appears to have been studied chiefly in 
pure culture, where the spores of H. sativum ordinarily become greatly 
reduced in length and number of septa as compared with those developed 
on the host in the field, on which the original diagnosis undoubtedly was 
based, the difference is very readily explained. 

It may not be superfluous to mention that several species of Helmin- 
thosporium, morphologically altogether different from H. sativum, have 
been reported as occurring on various parts of wheat and rye plants. 
Thus Palm (ro j) records the presence on the spikes of this host in Java of a 
relatively innocuous form with small geniculate spores which he identified 
as H. geniculatum T. & E- (152). Hennings (39) earlier described as a new 
species, H. triiid, another small-spored but apparently different fungus 
collected by Zimmerman in the region formerly included in German East 
Africa. Tlie African form, described as being very injurious, is evidently 
similar in general habit to H. ravenelii, developing a dense crusty coating 
on the culms, leaves, and heads of the host. Stevens (141) makes men¬ 
tion of a geniculate-spored form evidently different from the one usually 
encountered on diseased wheat in Illinois; while L. J. Stakman records 
the isolation from the same host of strains of Helminthosporium pro¬ 
ducing smaller spores than the species generally found associated with the 
Minnesota disease. A species of Helminthosporium obviously different 
from H. saiivum vras described from Alabama growing apparently as a 
saprophyte on dec^ng culms of rye by Atkinson (4) under the name 
of H. tuberosum. The same author also reported H. inconspicuum “ on 
living and languid leaves of Secale cereale,” evidently in a parasitic rela¬ 
tion. It appears at least not improbable that Atkinson, following Peck 
(107), applied the binomial of Cooke and Ellis not td H. turdcum, but 
to a form morphologically very similar if not altogether identical to 
H. sativum. 

As has been indicated in other connections, when the inflorescence of 
wheat is attacked (PI. 18, D), the kernels often are affected, resulting in 
dark brown, bluish brown, or neeu'ly black discolorations involving more 
or less extensive and irregular patches at the germ end or extending 
along the ventral fiurow (PI. 18, Ba-Cb). Hungerford {64) and Water- 
house {156) noted the presence of Helminthosporium fructifications on 
wheat grains. A specif type of such pathological effect in which the 
discoloration is relatively intense and limited to the region occupied by 
the embryo (PI. 18, Aa, b) has become known as “black point.” It is 
characteristic especially of durum wheat, having been reported by Bolley 
(14) in 1910 as being on the increase on this species, and more recently 
t&ade the subject of investigation by Evans (jS) as well as by Weniger (i38) 
and by Henry (61). Gree^ouse experiments, now in progress, the results 
of which will be publi^ed later, have diown that, compared to healthy 
seeds, badly discolored seeds show a much smaller degree of viabiUty, 
and that the plants resultin|' from them frequently develop lesions 
varying in number and severity. (PI. 18, E.) It may be mentioned 
that ouer fungi, notably one or several species of Altemaria, also have 
been found associated with discoloration of wheat grains, which, however, 
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while somewhat similar to the tyf« of discoloration attributable to 
H. satiimm, can usually be distinguished by its lesser intensity, being 
diffused brownish rather than dark brown. 

Especially .pertinent in this connection is Henry’s (61) recent report 
of the isolation from black-pointed wheat kernels, of certain forms he 
designated as “Helminihosporium sp.” and “Brachysporium,” which, 
while of much less frequent occurrence than the spot-blotch fungus, 
were found to be efficient causes of black point. The writer, who was 
kindly permitted to examine transfers of these fungi, can only confirm 
the correctness of Henry’s judgment in regarding the “ Helminihosporium 
sp.” as distinct from H. sativum. It appears to be different from any 
species figured in this paper, though, perhaps, most suggestive of H. 
monoceras. The strains designated as “Brachysporium" appear to re¬ 
present one or several smaller-spored forms that might not improperly 
also have been referred to the genus Helminthosporium, bearing a good 
deal of resemblance to a species frequently observed by the writer on 
withered leaves of Danthonia spicata (L.) Beauv. 

It may not be amiss to refer here to a fungus described under the name 
Podosporiella veriicillata by O’Gara {98) who found it on the kernels of 
germinating wheat in the Salt Lake Valley, causing stunting of the 
resulting seedlings, and an uneven stand. The conidia of this form show 
a very obvious general resemblance to those of the larger species of 
Helminthosporium. The s)mnemata figured by O’Gara are evidently 
not dissimilar from the threadlike or columnar structures observable, 
for example, in cultures of H. inequalis Shear, or of H. cyclops. Indeed, 
except for the arrangement of the conidia on the sporophore, which 
according to O’Gara is verticillate, the fungus shows considerable simi¬ 
larity especially to the last named of these species. 

While Helminthosporium sativum has not been reported as attacking 
maize in the field, the writer has found it of more or less frequent occur¬ 
rence on the dead remains of mature plants. Cultures derived from 
fructifications on old culms and leaves were not observed to differ in 
any important detail from cultures of the spot-blotch fungus isolated 
from barley. In a few instances, sporophores and spores of a form similar 
to H. sativum, at least in respect to morphological characteristics, were 
found on dead areas of leaves of sweet com collected on Long Island. 
However, as the fructifications of H. turcicum were also present in ex¬ 
cessive abundance, it was not possible to draw any definite conclusions 
concering the biological relations of the form under consideration. In 
general, its distribution on com suggests a saprophytic existence on 
this host, modified, perhaps, by a capacity to establish itself on moribund 
foliage. It may be mentioned in this connection that while Stevens 
found his strains of the Illinois foot-rot organism capable of infecting corn 
and com-fodder, L. J. Stakman secured negative results from the inocu¬ 
lation of com plants with strains of Helminthosporium isolated from a 
node of affected wheat and from rye seed. In some preliminary in¬ 
fection experiments the writer applied spores of H. sativum from barley 
to com seedlings about 5 inches high, very liberally stroking them in 
water suspension on the moistened leaves with a spatula, and then con¬ 
fined the seedlings in a saturated atmosphere for 48 hours. At the end 
of this time the leaves had lost their mechanical rigidity and the entire 
plants looked as if they had been steamed, although the controls, treated 
in the same way except that no inoculum was applied, were nearly normal. 
That much significance attaches to such injury, unlike any naturally 
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produced by the parasite on any host, and, indeed, unlike any injury 
produced under conditions obtaining in nature by any congeneric form 
with the exception of H. micropus, seems altogether improbable. The 
results obtained by exposing experimental plants to the rigorous treat¬ 
ment incident to the application of relatively large quantities of inoculum 
and incubation in a saturated atmosphere during long periods, should at 
all events be interpreted with caution. And the necessity of caution 
would seem especially evident in dealing with a fungus, more or less 
promiscuous in its parasitism, the experimental host range of which 
would tend to be out of all proportion to its actual range in nature. 

The occurence of Helminthosporium sativum on corn has brought about 
a measure of confusion regarding the indentity of H. turcicum. It is 
interesting to note that in Peck’s account (107) of H. inconspicuum, the 
spores of this fungus are described as “nearly black, septate up to 8 to 
9 times;” and figured as decidedly dark, curved cylindrical, with rounded 
ends, attached to sporophores emerging singly from the substratum. 
In all details of habit and morphology the corre.spondence with H. 
sativum is much closer than with H. turcicum] and it appears probable 
that although Peck observed the corn disease correctly, he inadvertently 
based his account of the fungus not on the well characterized parasite, 
but on the adventitious form. Specimens deposited in the herbarium of 
the Office of Pathological Collections of old com leaves from various 
localities in the United States, labeled "Helminthosporium inconspicuum,” 
on examination, were found to bear dark olivaceous spores with non- 
protuding hila, not dissimilar from those of H, sativum, although their 
collapsed condition precluded the possibility of reliable identification. 

OCCURRENCE OR FUNGUS ON GRASSES OTHER THAN CEREALS 

Bolley (15) reported the occurrence of a species of Helminthosporium 
on quack grass collected in North Dakota and Wisconsin. As the 
fructifications developing on this host were held responsible in certain 
instances for the infection of wheat plants in the field, it is apparent 
that he regarded the species as identical to the parasite causing root rot 
and brown spot. In any case, the writer found H. sativum quite com¬ 
monly present on quack grass in the northern tier of Middle Western 
States, being associated with a leaf-spot disease, affecting the foliage of 
plants of all ages. (PI. 18, H.) The discolored leaf areas, although 
quite numerous, are decidedly smaller than those characteristic of spot 
blotch of barley, occurring usually in the form of linear streaks, dark 
chocolate brown in color, 0.3 to 0.4 mm. in width and 0.5 to 3 mm. in 
length. During the season of 1919 the writer collected in the vicinity 
of Madison, Wis., diseased green leaves as early as May 6, and as late as 
October 24. The injury to the host appeared to be greater than that 
resulting from the parasitism of H. tritici-repentis, alSiough neither of 
the two congeneric parasites could be said to have been especially de¬ 
structive. In the region about New York City, during the season of 
,1920, the leaf spot due to H. sativum was, however, relatively rare, being 
‘ considerably less abundant than the blight due to H. tritici-repentis. 

A fungus quite similar to. the parasite causing “late blight” of barley 
was reported by Pammel, King, and Bakke (104) as occurring on Festuca 
etatior L. (,=Festuca pratensis Hud.) in Iowa. Examination of material 
dtepCR^ted in the herbarium of the Office of Pathological CoUections only 
cbnffftms the opinion of these authors concerning the similarity of the 
leikms to those characteristic of spotblotch of Wley, and toe very 
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PW)b^le identity of the parasite to H. sativum. It is interesting to note, 
iowe\^r, that in the vicinity of New York City and Washington, D. C., 
°urin,5n the seasons of 1920 and 1921, meadow fescue was not observed 
a^ect/td with the spot blotch described from Iowa, although very com- 
^onjih- showing the symptoms of the net blotch disease discussed else- 
.* in this paper. 

In addition to the graminaceous species already discussed, the literature 
contains references to successful infection of other species, by artificial 
inoculation with strains of Helrainthosporium that, as has been pointed 
out, may be referred to H. sativum. Thus Massee (90) secured growth 
and abundant sporulation by transferring spores of the fungus he regarded 
as H. gramineum to leaves of Festuca ovina, Briza media, Dactylis glomerata, 
Poa annua, and Arrhenatherum avenaceum that had been cut off and 
incubated in a damp chamber. Stevens (141) secured infection of Sudan 
grass and millet as a result of inoculation with the footrot organism. 
E. C. Johnson (71) found that the strain of Helmintho.sporium isolated 
by him from the node of a wheat plant seriously attacked the foliage 
of young oat seedlings. L. J. Stakman (138) reports positive results 
from the inoculation of over a dozen new hosts with strains originally 
isolated from wheat and from rye. Taken altogether the results are 
not in complete harmony, a fact which may probably in part be explained 
by differences in the conditions under which the experiments were car¬ 
ried on. The method employed by Massee certainly would seem to 
make for an inordinately extensive experimental host range. On the 
otlier hand, the existence of biological races, corresponding to those of 
" Vu?iii rust {Pucednia graminis) for example, is not outside the realm of 
possibility. Indeed, absolute agreement in regard to host interrelations 
between different strains of a fungus attaeking so many allied gramina¬ 
ceous species as H. sativum could, perhaps, scarcely be expected. 

MORPHOLOGY OF THE FUNGUS 

The fructifications of Helminthosporium sativum make their appear¬ 
ance after tlie death of the affected tissue, emerging from the stomata 
or more frequently between the epidermal cells singly or in fascicles of 
2 or 3. (PI. 17, Ea-e.) According to Pammel, King, and Bakke {104), 
the sporophores vary from 8 to 10 /u in width, but these figures appear 
somewhat too high, the measurements for this dimension varying 
usually from 6 to 7 and rarely exceeding 8 ju. The first spore is 
produced generally at a distance of 50 to 90 /* from the base. The scars 
marking the points of attachment of successive spores at well-defined 
geniculations occur at very variable intervals, approaching 5 ju as a 
for s‘,imum limit, and occasionally exceeding 60 ju- As found in nature, 
whet’ sporophores rarely show more than 5 or 6 scars or more than 8 
fruefta, the distances between the latter usually varying from 5 to 40 /u. 
b'l'he measurements for H. teres given by Bakke (d), 150 to 180 u by 60 
to 80 n, while obviously incorrect for the width of the sporophores of 
" the causal organism of spotblotch or “late blight” of barley, probably 
as a result of a typographical error, are also sufficiently in excess of the 
usual range in length of these structures, no to 150 ju, to indicate that 
this author was, indeed, in this instance rderring to the parasite causing 
netblotch. 

Such indication is strengthened by the portions of his description of 
jfhe spores referring to their length and color, “ 150 to 130 /i,” and “pale 
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greenish gray,” respectively. Plate i8, Fg, represents a i2rsipta^ 
spore of Helminthosporium sativum that was scraped from a 
inflorescence and found to measure 134 /i in length, which 
regarded as approximating the maximum for this dimensio^ 
maximum width represented, for example, in the spore shown in\F^®'^® 
18, Fe, is approximately 30 ju. The minimum for width of spof.fe, 
found in material occurring in nature, is about 14 a (PI. 17, Ca), that for 
length in the region of 25 a (PI. 18, Fc). When collected on diseased 
barley (PI. 17, Ca-i) or quack grass leaves (PI. 18, Ga-k) in midsummer, 
the spores are typically slightly or distinctly curved; 3 to 10 septate, 
widest near the middle, tapering slightly or sometimes quite considerably 
toward the ends which ^0 rounded off abruptly, and show a hemis¬ 
pherical or hemiellipsoid^b ipntour ; and measuring usually 15 to 20 
by 60 to 120 IX. On wtoekt lieads, (PI. 18, Fa-q), or on the bases of 
wheat or barley plants, apparently in response to more moist conditions, 
the spores are more apt to be atypical, being either straight or, if curved, 
curved irregularly (PI. 18, Fd, f, j); showing unusual variability in 
width, which fluctuates not only with respect to different individuals but 
also in respect to different portions of the same spore (PI. i8, Fi); exhibit¬ 
ing often marked irregularity in regard to septation, the septa occurring 
at unequal intervals, often at planes decidedly oblique to a plane per¬ 
pendicular to the longitudinal axes of the spore (PI. 18, Fk, n), and 
occasionally quite approximating a longitudinal position, thus bringing 
about a muriformly septate condition (PI. 18, Ff, h, i). The same 
departures from the curved, long-ellipsoidal type is exhibited also by 
spores developed on plants in the greenhouse and perhaps to an 
greater extent by those produced in pure culture on artificial media. 
In the latter case the diminution in size is unusually great, the spores 
there (PI. 19, C, Da-c) generally not exceeding in length'more than one- 
half the length of the typical ones to which, however, they are not 
markedly inferior in width. Very frequently, indeed, they become 
reduced to subspherical bodies, not appreciably greater in length than 
in diameter, often nonseptate or with a single cross wall (PI. 19, C). A 
straight, short ellipsoidal shape is thus characteristic of the spores 
developed in the greenhouse or in artificial culture (PI. 19, E), a shape 
which may be modified by irregular curvatures or distentions, or by the 
flattening or even incipient bifurcation of the apical end (PI. 19, Dc). 

But, however variable in shape, the spores of Helminthosporium 
sativum, when fully matured, are uniformly of a ^rk olivaceous color, 
and always exhibit a thick peripheral waU and a conspicuous hilum that 
is situated within the contour of flie rounded basal end. As long as 
the peripheral wall is uninjured, germination regularly proceeds by the 
prolfferation of two terminal germ tubes, one at the apex and the oW 
immediately adjacent to the hilum (PI. 17, Da, b; PI. 18, Gc; PI. 19, of 
b, d). Atypical spores, with the distal end flattened or bilobed, iPi 
produce three germ tub^, one arising from each of the lateral apices as 
•well as from t& proximal «id. (PI. 19, Dc.) Germ tubes apparently 
Me never produced normally from the intermediate segments. Viability 
is retained for a considerable period of time, spores from material stored 
in the laboratory a whole year having bera germinated by the writer 
without much difficulty. 

Helminthosporium sativum is very readily cultivated on the substrata 
ordinarily employed in laboratories. On hard potato glucose agar con¬ 
taining an abundance wganic food material tte aoial growth is. 
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?. f.. .y into the protruding hilum; 3 to 10 septate, the septa not usually asso- 
IICIUIS perceptible constrictions in the peripheral wall. The peripheral wall at 
black-hick as in //. sativum or H. vagans, except at the apex and about a stib- 
pie narrow zone at the proximal end immediately adjacent to ^e hilum, where it 
mains thin. Germinating by the production of two polar germ tubes, one from each 
ot the thin-walled regions. 

On artificial media, at ordina^ temperatures, producing conidia smaller than those 
produced under natural conditions but of the same characteristic shape. Vegetative 
Mycelium light fuliginous, 2 to 4 mm. in diameter, anastomosing abundantly by smaller 
(ubhyaline branches without the production of lobulate segments. Sporophoresfuli 
^enous, thin-walled, often exhibiting a tendency toward branching; approximately 
K n in diameter, arising abruptly as branches from vegetative hyphac; or narrow at 
the point of origin and expanding more gradually; provided vrith septa generally at 
intervals of from 30 to 50 m and proliferating spores at considerably shorter inters^als 
than in nature, thus producing a moderately compact racemose cluster. 

Habitat. —Collected at Port Washington, N. Y., September 20, 1920, in a moder¬ 
ately moist situation near the sea. 


HELMINTHOSPORIUM HALODES, N. SP. 

During the latter part of the growing season of 1920 the writer kept 
under observation a stand of Distichlis spicata (L.) Greene growing 
on a salt marsh near Douglaston, N. Y., on the northern coast of Long 
Island. Collections of the grass made on different dates, September 
10, September 26, and October 5, revealed indications of injury immedi¬ 
ately suggesting similarity to the symptoms of spotblotch and footrot 
produced on other graminaceous hosts by various species of Helmintho¬ 
sporium, like H, sativum, H. monoceras, and H. vagans. The lesions were 
present on the otherwise healthy foliar parts as dark, discolored areas, 
with a bluish cast, not definitely circumscribed, the margins fading 
insensibly into the green of the surrounding tissue. (PI. 22, A.) On the 
leaf blades the discolored spots were generally relatively infrequent; 
they were found more commonly on the sheath, especially on the upper 
portion immediately below the attachment of the blade. After the death 
of the’ affected tissue, the discoloration usually lost some of its intensity, 
the spots then appearing as ratlier vague blotches not readily distin¬ 
guishable from similar blotches commonly found on the dead plants but 
attributable to other agencies. 

Microscopical examination of dead affected foliar parts revealed a 
species of Helminthosporium present in meager quantity as the probable 
cause of the disease. Sporophores (pi. 22, Ef~g) occurring on the leaf 
blades were always found entirely denuded; and whatever spores could 
be discovered were as frequently found adhering to obviously unaffected 
tissues or lodged under the upper edge of the leaf sheaths as scattered 
on the epidermis in proximity to the sporophores. In view of the fact 
that the host is occasionally inundated by tidal water, an explanation 
for such a condition is manifestly not difficult to find. To determine 
whether the disease observed bore any relation to the Helminthosporium 
fructifications, freshly affected green parts were dissected out and incu¬ 
bated in a damp chamber. After 15 days the discolored areas were 
covered with a dense growth of conidiosphores bearing conidia corre¬ 
sponding quite closely to those found in nature. Pure cultures made 
from spores obtained directly from the material as it was collected and 
from spores developed in the damp chamber further demonstrated the 
specific identity of the two lots of material and consequently also the 
parasitic nature of the fungus originally observed. 

As might be expected from the similarity of pa^ological symptoms, 
the fungus shows a fairly close resemblance to Helminthosporium sativum* 
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The conidiophores, as occurring in nature (PI. 22, Ef, g) 
on the natural substratum in a damp chamber (PI. 22, Ea-e)^li®®'^ 
what inferior in diameter to those found on barley leaves affetftJ?® 
spotblotch and generally noticeably shorter. The conidia are of v 
same type as those of H. sativum. As found on material collected in the 
field (PI. 22, Ba-f), however, they are usually more narrow and not as 
regularly crescentic, being more frequently straight or irregularly curved. 
In color they are usually brownish yellow instead of olivaceous. In a 
certain proportion of the spores, moreover, the end cells are less deeply 
colored and the basal and distal septa appear conspicuously darker or 
heavier than the intermediate cross-walls. (PI. 22, Bd-f.) ''^en devel¬ 
oped in a damp chamber on diseased host material the conidia approach ^ 
those of H. sativum in depth of coloration; but the distinction between 
dark intermediate segments and subhyaline or fuliginous end segments 
set off by conspicuously accentuated septa becomes a constant charac¬ 
teristic. (PI. 22, Da-f.) And while the apical end is rounded off quite 
abruptly as in sativum, the proximal end shows a more perceptible 
tendency to taper, recalling in some instances the decidedly acuminate 
contour of the proximal portion of the spores of H. monoceras. As in 
the latter species, this gradual tapering is associated with a hilum that 
protrudes from the basal contour of the conidium. 

In the species parasitic on DisHcMis spicata ihe^ peripheral wall of the 
conidium varies more or less in thickness, depending apparently on the 
conditions under which the fructifications are developed. The darker, 
more mature conidia usually possess a peripheral wall which, if not as 
massive as in Helminthosporium sativum, nevertheless is of at least ^ 
moderate thickness. As in H. monoceras, the wall is very thin at the 
apical end and over a narrow zone at the proximal end immediately 
adjacent to the hilum. Germination regularly occurs by the production 
of two polar germ tubes, one from each of these thin-walled regions. 
(PI. 22, Ca, e, i.) In the case of immature spores and often in the brown¬ 
ish yellow ones found in nature the peripheral wall is thinner, frequently 
collapsing when the contents of the segments inclosed degenerate. Such 
spores may germinate by the production of lateral germ tubes from one 
or more of the intermediate segments as well as from the end segments 
(PI. 22, Cb, c, d, f, g). This mode of germination ,however, can scarcely 
be regarded as typical for the species. 

The fungus is cultivated readily on artificial media, producing a lux¬ 
uriant dark olivaceous aerial growth, consisting of a variable quantity of 
mycelium bearing an abundance of sporophores. When grown on tap- 
water agar, the fructifications (PI. 23, A-C) resemble those developed on 
parts of the diseased host after incubation in a damp chamber. The 
spores (PI. 23, B, D-G), which are attached at short intervals on the 
very irregular sporophore at wide angles and in moderately compact 
racemose arrangement, however, are' usually perceptibly shorter. As 
in Helminthosporium sativum, the conidia frequently exhibit irregularities- 
in shape, including flattening or bifurcation of the apical portion. (PI. 

• 23, D.F.) 

Besides resembling in some details the different species which have 
already been mentioned, the fungus suggests comparison with Hel- 
minthosporium leersii, and perhaps more especially with H. oryzae and 
H, rostratum. From H. leersii it may be distinguished readily by the 
subhyaline end segments, the accentuated end septa, and the protruding 
hila characteristic of its spores. While H. leersii on artificial media , 
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produces a greyish aerial mycelium, the growth of the parasite on Dis- 
tichlis spicata, as has been noted previously, has a very dark if not almost 
black appearance. Helminthosporium oryzae, on the other hand, could 
be confused with the fungus under consideration only when cultivated 
on a substratum on which its spores develop dark pigment, as, for 
example, potato dextrose agar. The greater dimensions of the conidio- 
phores and conidia produced by the rice parasite and the position of 
the hilum within the contour of the peripheral spore wall constitute, 
however, features by which the two species can be distinguished in 
spite of some similarity due to the occurrence of subhyaline end seg¬ 
ments in both. Moreover, while the spores of H, oryzae tend to taper 
strongly toward the tip, and to a smaller extent toward the base, those 
of the fungus on Dis tichlis spicata show relatively slight tapering toward 
the abruptly rounded apex, while the proximal portion usually tapers 
markedly toward the base. The resemblance between the latter fungus 
and H, rostratum is attributable to similarity in color of the conidia as 
well as to the presence in the spores of both species, of protruding hila, 
and of accentuated proximal and distal septa. The parasite on Dis- 
tichlis spicata, however, is inferior in the dimensions of both sporophores 
and spores and never exhibits the rostrate modification of the apical 
end characteristic of the conidia of H, rostratum. It appears not to have 
been described hitherto. As it is the first member of the genus, as far 
as the writer is aware, to be found occurring as a parasite on a host more 
or less frequently flooded with sea water, the specific name halodes is 
suggested. 

DIAGNOSIS 

r 

Helminthosporium halodes, n. sp. 

Occurring on the foliar organs of Dis tichlis spicata (L.) Greene, on which it causes 
a disease not usually destructive, manifested by the appearance of poorly defined 
bluish discolored areas especially on the leaf sheath immediately below its juncture 
with the blade. 


Conidiophores arising from discolored spots after death of host, singly or in ^ups 
of two; measuring generally 4 to 7 m in diameter by 60 to 150 m in lengm; proaucing 
first spore usually 60 to 100 m from base, successive spores at intervals of 5 to 15 /n 
at apices of geniculate irregularities; i to 5 septate, the length of segments highly 
variable, typically 15 to 30 /ii- 

Conidia as produced under natural conditions straight or curved; measuring 10 to 
14 ft in width by 20 to 105 ft in length; i to 12 septate, the septa in immature spores 
associated with barely perceptible constrictions of the peripheral wall, in mature 
spores not associated with constrictions; brownish yellow, the end segments some¬ 
times lighter in color or subhyaline, and delimited by accentuated septa; tapering 
slightly toward the broadly rounded apex, and more markedly toward the more 
narrowly rounded or somewhat acuminate basal end, which is uniformly distinguished 
by the protruding hilum. Mature spores germinating t3rpically by the production 
of two ^lar germ tubes, produced at thin-walled regions at tip and immediately 
adjacent to hilum; germination of immature thin-walled conidia often atypical, 
owing to the production of additional germ tubes from one or more intermediate 
segments. 

when cultivated on natural substratum in damp chamber, fructifications similar 
but capable of more extensive development; spores somewhat shorter, usually thicker, 
and tapering more perceptibly toward both ends; dark olivaceous, the end segments 
subhyaline or light fuliginous and set ofl by accentuated septa. On artificial media 
not nch in organic food material conidiophores arising as lateral branches from pros¬ 
trate hyphae, oearing conidia in moderately dense racemose arrangement at geniculate 
irreguwties occurring at short intervals; conidia as on natural substratum dark 
olivaceous provided with subhyaline end segments and with moderately thick 
peripheral wall but shorter, often being nearly ellipsoidal in shape. 

Habitat. —Collected at Douglaston, N. Y., near New York City, in September and 
October, 1920. 1 
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HELMINTHOSPORIUM TURCICUM PASSERINI 

Helminthosporium inconspicuum Cooke & Ellis 1878, in Grevillea, v. 6, p. 88-89. 

The disease of maize commonly known as “leaf blight’’ and less fre¬ 
quently as “white blast’’ is found in many regions of the globe in which 
tiiis important cereal is cultivated. It appears to have been first ob¬ 
served by Passerini (103) in 1876, who noted its occurrence in Italy 
under the term “nebbia’’ and attributed it to a species of Helmintho¬ 
sporium, which he named H. iurckum. Two years later, Cooke and 
Ellis (24) described a form from New Jersey as H. inconspicuum, similarly 
thriving on maize. Although the descriptions of the American and 
Italian forms are not especially similar, there appears to be good reason 
to believe that they were based on material belonging to the same species. 

In the account given by Cooke and Ellis, the American fungus is very 
briefly described: 

Tenuissime effusum. Hyphis elongatis, septatis, nodulosis, pallidebnmneis. 
Sporis lanceolatis, 3-5 septatis; episporio tenui. 

On Zea mays. 

Effused, but so thinly as not to be viable to the naked eye. Spores 0.08 to 0.12 
by 0.02 mm., at first with the endochrome divided, at length septate. 

The parts of the statement regarding the number of septa, the visibility 
of the fructifications, and the alleged <hvision of the endochrome previous 
to the division of the spore can scarcely be regarded as altogetiher cor¬ 
rect, either for the parasite causing leaf bli^t or for Helminthosporium 
sativum, which, as has been pointed out in another connection, is known 
to occur on the organs of mature com plants. The parts regarding the 
description of the sporophore, the shape and measurements of the spore, 
as well as the figure of the latter that accompanies the text, on the othei 
hand, might apply about equally well to both species. Indeed the 
chief reason for regarding the description given by Cooke and Ellis as 
applying to the le^ blight fungus is not found in the single distinctive 
cWacterization—^that concerning the thin epispore—^but rather in the 
abundance of the parasite in the general region in which Ellis made his 
collections. In 1881, Peck (107) recorded the leaf blight disease in 
New York, although, as has been stated in another connection, his 
description of the fungus is less applicable to the parasite under con¬ 
sideration than to H. sativum. The trouble again was found in New 
York by Stewart (144) in 1896. In 1889 Thaxter {149) observed a 
serious outbreak of the disease in Connecticut, where 14 years later 
Clinton {21) found it again doing considerable damage. In 1903 the 
malady was quite destructive also in Delaware, according to the accotmt 
given by C. A. Smith {133). During the same season Stone and Moxiahan 
{145) noted its abundance in Massachusetts; and Orton (99) found it 
very general also in eastern Pennsylvania and New Jersey. Since then 
it has been reported repeatedly not only from the Middle Atlantic and 
New England States, but from other sections as wdl, the records of the 
Plant Disease Survey indicating its presence in nearly ev^ State east 
and in some of the States immediatdy west of the Mississippi River. 

Stevenson and Rose {143) reported leaf blight Of com as occurring 
in Porto Rico. Robinson {122) in 1911 otoerved the disease in the 
Philippines, where it has been noted also since then by Baker (5) as well 
as by Reinking (rry). Tryon (255) records an outbreak of the trouble 
in New South Wales in the season of 1886 so destructive as to attract 
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widespread attention; and in recent years Damell-Smith (27) lists “leaf 
stripe ” among the diseases affecting maize in the same Province. Yoshino 
(idx) reported Helminthosporium turcicum as occurring on Zea mays 
in the Province of Higo, Japan, in 1905. According to Butler {19) the 
disease is fairly common in India and occurs in South Africa. The 
European literature concerning the disease does not appear to be exten¬ 
sive. Ducomet {34), in 1903, recorded its appearance under the name 
of “brulure” in the southwestern part of France. More recently the 
publication of a paper by Zhavoronkov {162) would seem to imply its 
distribution in Russia. 

In general, leaf blight is a disease characteristic of the later stages in the 
development of the host. During the season of 1920, when the writer 
had occasion to follow its development in the sweetcom fields of the 
western part of Long Island, it made its appearance toward the end of 
August. On plants examined on August 20, elongated straw-colored 
spots were present especially on the lower leaves, varying from 2 to 4 
mm. in width, and from 5 to 15 mm. in length, llie tissues involved in 
these spots were altogether dry. Usually at this stage the dry areas 
were delimited from the surrounding healthy parts by a brownish margin, 
quite conspicuous and distinct in some instances and barely distin¬ 
guishable or absent in others. As the season progressed the affected 
areas rapidly increased in size, individual lesions frequently measuring 
more than 4 cm. in width and 10 cm. in length by September 16. (PI. 24, 
A.) By the coalescences of the enlarging spots, extensive areas embrac¬ 
ing often considerable portions of the leaf were found to be involved. 
Toward the end of September the foliage was withered to such an extent 
that some of the plants appeared, as some writers have suggested, as if 
affected by a frost. 

When leaf blight appears as late in the season as in 1920, which prob¬ 
ably was very nearly typical in regard to the development of the trouble 
at least for the northeastern section of the United States, the resultant 
economic damage is not likely to be serious. In most ordinary seasons 
Peck’s (707) observation that Helminthosporium inconspicuum “seems 
to attack on lower leaves with vitality already impaired; not very 
noxious as it only hastens death of leaves by a few days or weeks,” per¬ 
haps is not without a good deal of justification. Nevertheless, in other 
seasons, apparently as a result of weather conditions favorable to the 
fungus, the disease may make its appearance while the plant is still 
relatively young, and thus cause very considerable destruction. Thus 
Ducomet (34) records a severe outbreak in France in 1900 during an 
exceptionaUy wet season. According to this writer the foliar lesions 
appear when the plants are only 0.5 to 0.6 meters high. The destructive¬ 
ness erf the disease in 1903 in the States of Connecticut and Delaware 
apparently was associated also with its early appearance, Clinton (21) 
finding “many fields looking in August and September as if struck by 
early frost; heavy attack due to unfavorable season.” In New South 
Wales the blight is reported {118) to appear invariably in all the late 
plantings of maize when the heavy autumn rains set in, particularly 
on low-l3dng situations. In the season of 1915 {118), however— 

it appeared very much earlier owing to the phenomenally wet spring and early sum¬ 
mer. Many areas were completely destroyed on account of the leaves being killed 
off long betore the plants were hall grown. Where cobbing had been well advanced 
the effects were not so serious. 
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Equally severe epiphytotics apparently are not uncommon in the 
Philippines, where Reinking (riy) found the disease sometimes extremely 
destructive, entire plots of field com and sweetcora having been ruined 
by it. 

Several weeks after the initiation of a foliar lesion, when the affected 
tract usually exceeds 5 cm. in length, a grayish, greenish efflorescence 
makes its appearance in the center of the withered area, becoming gradu¬ 
ally more extensive with the continued enlargement of the latter. This 
efflorescence consists of the numerous fructifications of the fungus, 
which, in spite of the statement of Cooke and Ellis (24), are more readily 
perceived with the naked eye than the fractifications of the majority of 
the species of Helminthosporium developing on the foliage of grasses. 
When such material is examined under the microscope the fructifications 
can be seen emerging in groups of 2 to 6, always from the stomata. The 
olivaceous conidiophores (PI. 24, Ca-g) usually measure from 7.5 to 9.0 n 
in width, although Saccardo {128, v. 4, p. 420-421) gives 6 fi for this 
dimension. His characterization of these structures as “ 3-pauciseptatis ” 
is more nearly correct, as the number of septa varies usually from 2 to 4. 
As the sporophores have been found to attain a length of 260 n (PI. 24, Cf) 
or more, Saccardo’s (128) figure, 150 n, being apparently a decided 
understatement of this dimension, the intervals between the septa, 
compared to those of most other species, are relatively large. 

The spores of the fungus, which are quite characteristic, have been 
described and figured in a great variety of ways, but rarely altogether 
correctly. As shown in Plate 24, Ba-p, drawn from material derived 
from diseased leaves of sweet com collected on Long Island, they vary 
considerably in size and shape. The measurements for length and 
width, ranging from 45 to 132 /i (PI. 24, Bl, o) and from 15 to 25 (pi. 
24, Bi, o), respectively, agree fairly well with those given by other 
authors: Saccardo {128) 85 to 92 by 20 to 24 /a; Ducomet (34) 65 to 95 
by 20 to 25 /<; Cooke and Ellis (24), and Sdhwarze {130) 80 to 120 by 
20 fi; Butler (rp) 80 to 120 by 20 to 24 ju; and Massee (90) 80 to 140 by 
20 to 26 fi. In shape the spores are typically straight or slightly curved, 
widest near the middle and tapering decidedly toward the ends. The 
proximal portion of the spore may taper toward the hilum somewhat 
in the manner of a cone (PI. 24, Bf, h, k) although a tendency toward the 
basal end being rounded off usually is discernible (PI. 24, Bb, i) and not 
infrequently quite pronounced (PI. 24, Bm, n). In any case, however, 
the shape defined by Saccardo as “perfecte fusoideis utrinque acutis” is 
never realized, because the apical end of the spore is always rounded, 
even where the distal segment is very considerably inferior in width to 
the middle segment. Certainly, conidia like those figured by Saccardo 
(126, pi. 824) with the basal and apical ends drawn out into attenuated 
beaks, have never been observed by the writer. Nor have any been 
observed entirely comparable with those figured by Massee, with the 
acumination of the ends considerably exaggerated and the septation so 
clo^ that the segments appear more than twice as wide as they are long. 
On the other hand, Schwarze’s (130) figures represent them as rather too 
blunt, a fact for which the evidfsnt use of dead herbarium material may, 
perhaps, largely be held responsible. 

The num^r of septa in the spores was found to vary from i to 8 in the 
material collected by the writer. Inasmuch as the i or 2 septate indi¬ 
vidual spores are manifestly undersized, the correspondence with the 
numbers given by most authors is, on the whole, satikactory—Saccardo 
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(128), 5 to 8; Ducomet (34), 3 to 8; Butler (19), 3 to 7; although the 
range 3 to 5 given by Cooke and Ellis {24), while perhaps expressing an 
average condition, would not seem to be large enough. It may be noted 
that the septa are somewhat tardy in making their appearance and, as a 
result, many of the spores when newly proliferated show segments of a 
length not usual in species of similar dimensions. (PI. 24, Ba, g, h.) 
The peripheral spore wall always is relatively thin, the accounts of 
Saccardo (128) and Schwarze (130), for example, as well as figures like 
those of Massee (90) and of Smith {133), describing or illustrating a thick 
membrane, being apparently based upon dead material. As usual in 
species of Helminthosporium, the thin peripheral wall is associated with 
a relatively light color of the conidia. This color varies from a subhyaline 
light fuliginous tint when the spores are newly proliferated to a moderate 
fuliginous, greenish yellow, yellowish brown, or pale olive when they are 
fully mature. The dark olivaceous color, characteristic of the conidia 
of Helminthosporium sativum, H. monoceras, or H. vagans, is never 
approached, descriptive phrases like that given, for example, by Saccardo 
{128), “olivaceofuscis,” indicating such approximation, being evidently 
quite erroneous and misleading. 

A morphological feature that the writer feels inclined to emphasize, 
particularly as a diagnostic character useful in separating Helmintho¬ 
sporium turcicum from most of the congeneric forms with which the 
student of economic botany has to deal, is ^e protruding hilum. (PI. 25, 
C.) This apiculate basal protuberance, while rather minute, is uniformlyj 
present, regardless of whether the proximal portion of the spore is dis-' 
tinctly tapering or more nearly rounded. It must, therefore, be consid¬ 
ered apart from the basal contour of the conidium. That it has not been 
mentioned in the writings of previous workers is somewhat surprising. 
Ideta (65), it is true, figured the proximal cell as being conspicuously 
constricted at the base. If this attenuated portion was intended to 
represent the part of the conidium by which the latter is inserted on 
the conidiophore, its proportions would seem, in view of the condition 
obtaining in American material, greatly exaggerated. 

As has been pointed out or figured in the publications of Ducomet {34), 
Smith {133), Butler (19), Rcinking (1/7), and Zhavoronkov {162), 
the spores of Helminthosporium turcicum germinate regularly by the 
production of two polar germ tubes, one from each end. (PI. 15, Db, c.) 
Occasionally an intermediate segment may proliferate one or several 
lateral germ tubes. Such atypical germination apparently is more 
likely to occur with newly proliferated subhyaline conidia (pi. 25, 
Da, d), or with abnormally curved spores than with fully mature spores 
of typical shape; and sometimes occurs as the result of injury and 
death to one of the end cells. 

The fungus develops well on the media usually employed in laboratories. 
On substrata rich in organic food materials, as for example, potato glucose 
agar, a luxuriant growth of grayish black aerial mycelium is produced. 
On substrata poorer in organic substances, like tap-water agar, growth 
is less luxuriant, but may be studied to better advantage. The embedded 
mycelium anastomoses abundantly with the resultant production of 
numerous complexes consisting of dark brown lobulate segments. The 
sporophores arise from the prostrate fuliginous hyphae that compose a 
large portion of the aerial growth. They are somewhat inferior in 
diameter to those developing in nature, measuring approximately 6 ju in 
width, but, at the same time, are considerably longer. As the first spore 
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the spores of the latter type have exhibited the irregularity in question. 
When such conidia germinate, the surviving segments collectively pro¬ 
duce I or 2 polar germ tubes, which traverse the neighboring dead 
segments and their degenerate swollen envelopes like so much inert 
material, to-emerge usually, though not always, from the ends of the 
spore. In conidia of which all segments are in a living condition, the 
juxtaposed portions of segment membranes that constitute the septa 
normally undergo no degeneration; at least until the germ tubes have 
attained extensive development. 

HELMINTHOSPORIUM LEERSII ATKINSON 

In 1897, Atkinson {4) described as Helminthosporium leersii, a fungus 
collected on leaves of Lecrsia virginica Willd. {^Homolocenchrus vir- 
ginicus [Willd.] Britton) at Auburn, Ala., September 13, 1891: 

Spots irregularly oblong, amphigenous, at first dark brown, then dirty white with 
dark brown border. Hyphae amphigenous, browTi, irregularly nodulose or flexiwus, 
200 to 350 by 4 to 6 #1. Conidia slightly curved, S to 9 septate, elliptical, faintly 
fuliginous. 

Although the form was later included in Earle’s list of Alabama fungi 
(92), it seems to have escaped the attention of botanists in other states. 
Nevertheless, the parasite appears to be widely distributed, as the writer 
found it of frequent occurrence on the leaf blades of L. virginica 
near Meriden, Conn., in September, 1920, as well as in the vicinity of 
Washington, D. C., during the summer of 1921. 

The first indication of attack becomes evident as a minute brown spot 
often not exceeding i mm. in length. (PI. 26, A, C.) As this spot 
enlarges, the central area for some time remains dark brown, while the 
discoloration at the margin merges insensibly into the light green cf the 
surrounding healthy tissue. With further increase in size, the tissues 
in the center succumb, their dark brown in the meantime fading to a 
dirty straw color. As the line of demarcation between the gray central 
region and the peripheral brown zone is sharply defined, a foliar lesion of 
the eye spot type (PI. 26, A, C) results. The parasite seems to hasten, 
if not to cause, the death of the older leaves. When the latter have 
withered, either in whole or in part, the fructifications make their appear¬ 
ance, scattered sparsely, first near the center of the spot but later also 
beyond the margin. 

According to Atkinson (4) Helminthosporium leersii is “near H. 
turcicum but hyphae and conidia more slender.” It seems questionable 
with which one of a number of congeneric organisms this author intended 
to compare the fungus. Certainly, no striking similarity to the parasite 
causing leaf blight of maize is discernible with respect either to the 
dimensions or to the shape of spores and sporophores. In the material 
collected by the writer, the latter were found to arise singly or more 
rarely in pairs from between the epidermal cells of the host. (PI. 26, 
Fa, b.) The moderately fuliginous conidia (PI. 26, Ba-i), measuring 
from II to 14 ju in diameter by 50 to 95 m in length, were found to con¬ 
tain from 3 to 12 cross walls, never associated with perceptible con¬ 
strictions in the unusually thin peripheral wall. Irregularities in the 
insertion of cross walls, resulting in muriformly septate conditions are 
present as in the spores of H. sativum. (PI. 26, Bk.) As in H. sativum 
•Iso, germination normally takes place by the production of two polar 
germ tubes. (PL 26, Da-c.) However, owing to the fragility of the 
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external wall, the intermediate segments frequently are exposed and 
sometimes entirely liberated in the course of manipulation, with the 
result that abnormal germination is much more common than in most 
congeneric forms. The germ tubes usually attain a considerable length 
before branching, thus differing in this respect from those of H. cynodontis, 
which frequently proliferate a branch at the very point of origin. The 
hilum in the spores of H. leersii is represented by a scar generally con¬ 
tained within the contour of the basal end, although occasionally it may 
be seen to protrude slightly. In any case, a basal modification like 
that characteristic of the conidia of H. monoceras is never present; nor 
is the hilum a distinctly protruding structure as, for example, in H. 
turcicum. 

When grown on artificial media the fungus, unlike the other species 
similar to Helminthosporium sativum, develops a dense gray aerial 
mycelium, the rate of enlargement being relatively slow. This slow 
development is associated with a peculiarity in manner of growth at 
the margins that is more or less characteristic and has not been observed 
in other species. The imbedded hyphae, although ramifying profusely, 
remain short, thus giving rise to an intricate system of short, rather 
swollen elements of which Plate 26, E, represents merely an incipient 
stage. Here and there a relatively delicate hypha (PI. 26, Ea-b) grows 
out into the air and by cundng downward brings its tip in contact with 
the substratum. From the tip numerous short branches are soon 
proliferated which, by continued ramification, again yield an intricate 
system of hyphae. 

HELMINTHO.SPORIUM CYNODONTIS MARIGNONI 

In 1909, Marignoni {8g) described as Helminthosporium cynodontis a 
fungus occurring on dry leaves of Cynodon dactylon L. l = Capriola 
dactylon [L.] Kuntze) near Schio in northern Italy. In the brief diag¬ 
nosis given by Saccardo {128, v. 22, p. 1394), the species is thus 
characterized; 

ElTiisuni, atro-olivaceum v. fuligineum; conidiophoris aggregatis, laxis, sim- 
plicibtis, parce septatis, tortuosis, 80-150X6-7; conidiis elongatis, utrinque rotun- 
datis plerumqiie octo-septatis, fuligineis, 60-75X12-14. 

Apparently the fungus has not been reported again, as the subsequent 
literature appears to contain no reference either to Marignoni’s binomial, 
or to any species of Helminthosporium occurring on Bermuda grass 
and answering the description given above. The writer nevertheless 
is convinced that the parasite is exceedingly common throughout the 
southeastern section of the United States where the host is everywhere 
present in the fields and on the roadsides as a noxious weed. In Florida, 
near Wauchula, Fort Myers, Tampa, and Gainesville, during the months 
of February, March, and April, 1921, it was found difficult to collect 
specimens of Cynodon dactylon, not bearing fructifications of the fungus 
in considerable abundance. (PI. 27, A.) 

Although the writer has not been able to consult Marignoni’s {89) 
illustrated publication, the American form answers sufficiently well in 
morphological detail to Saccardo’s (128) account of Helminthosporium 
cynodontis that, in view of its abundant occurrence on the same host, 
it can at least provisionally be regarded as belonging to this species. 
In the Florida material, the conidiophores (PI. 27, Da-g) which are 
dark brown in color, emerge singly or in pairs from stomata or between 
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epidermal cells, and thus show less tendency to occur in groups than 
those of most congeneric species. They measure from 50 to 150 /t in 
length, and from 4 to 6 ju, typically 5 /t, in diameter, the range in length 
agreeing well with that given in Saccardo’s diagnosis. On the other 
hand, the measure of agreement in diameter of sporophore is somewhat 
less satisfactory than might be expected in a dimension exhibiting 
relatively little variability. The number of septa in the conidiophores 
range from 2 to 5, depending largely on the length of these structures. 

The conidia (PI. 27, Ba-u) of the American form, measuring ii to 14 
by 27 to 80 u, are straight or more frequently somewhat curved; widest 
near the middle from which they taper slightly toward the abruptly 
rounded ends; subhyaline to fuliginous in color, never brown or dark 
olivaceous; and 3 to 9 septate, the septa not being associated with 
constrictions in the relatively thin peripheral wall. On being mounted 
in water they germinate promptly by the production of two polar germ 
tubes approximately 3 m in thickness, one from the apex and the other 
in immediate proximity to the hilum that can be distinguished within 
the rounded contour of the basal cell. (PI. 27, Ca-i.) Very frequently 
a lateral branch is produced near the origin of tihe germ tube, thus often 
simulating the appearance of two germ tubes. (PI. 27, Cc, e.) The 
spores are obviously of the same type as those of Helminthosporium 
sativum, from which they differ markedly however, in size, thickness of 
peripheral wall, and depth of coloration. They are inferior also to those 
of H. leersii in length and number of septa; and to those of H. micropus 
in width, besides lacking altogether the peculiar modification of the 
basal segment characteristic of the latter species. The fungus grows on 
artificial media, producing a moderate quantity of light gray, fluffy 
mycelium, especially at some distance from the point at which the 
inoculum was planted. It has not been observed to sporulate in culture 
on media ordinarily employed in laboratories, although the production 
of spores could probably be induced by providing more suitable substrata. 

It may be mentioned that while the fructifications of Helminthosporium 
cynodontis are found occurring most abundantly on moribund or withered 
leaves of Cynodon dactylon, the fungus also has been collected repeatedly 
on Eleusine indica in Florida in the spring of 1921. In the vicinity of 
Washington, where the parasite was present in moderate quantity on 
Bermuda grass from August to October, 1921, it was not found on goose 
grass, indicating that the latter host is somewhat less favorable for its 
development. A form morphologically very similar and probably identi¬ 
cal has been found to occur very consistently on withered leaves of 
Muhlenbergia mexicana (L.) Trin. collected in the vicinity of New York 
City and Washington, D. C. Although further investigation of the host 
range is necessary, indications are not wanting that the species will 
eventually be found on more than a few memb^s of the Gramineae. 

HELMINTHOSPORIUM MICROPUS, N; SP. 

. About the middle of April, 1921, the writer observed a peculiar disease 
affectmg young plants belon^ng to a species of Paspalum, provisionally 
identified as Paspalum bosdanum Fltigge, that was found common in 
moist, pwrly cultivated fields near Wa.ucht:da, Fla. The trouble occurred 
on seedlings from 3 to 6 inches in height, first becoming apparent on the 
tender young foliage as a localized wil^g. (PI. 28, A.) Portions of 
foliar tissue from a few millimeters to several centimeters in length, and 
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from 2 to 4 mm. in width, were found in an entirely collapsed condition. 
(PI. 28, B.) The absence of any indication of discoloration and the 
entire loss of mechanical stiffness combined to present an appearance 
such as might be brought about, for example, by scalding with boiling 
water. Soon after the wilting ^came visible, the portions of leaf in¬ 
volved dried out completely, becoming somewhat shrunken, dark in 
color'and crisp in texture. Usually the death of the entire leaf blade 
ensued'within a week, as much apparently because of the interruption 
of the vascular elements by the enlargement and multiplication of in¬ 
fected regions as because of the extension of the trouble to healthy parts. 
On the older leaves the disease was found less destructive, the injury 
tending to be restricted to more definitely circumscribed elliptical spots, 
varying from 2 to 10 mm. in length, and not infrequently delimited by a 
brownish margin. Nevertheless, these older leaves likewise slowly 
succumbed, the withering beginning at the tip and gradually progressing 
toward the base. 

On examining the dead foliage under the microscope, it was found 
that the regions involved in the lesions bore numerous fructifications of 
a well defined species of Helminthosporium. The first conidiophores to 
appear after the death of the tissue seemed usually to emerge from the 
stomata (PI. 28, Ea-g), although later they could be found emerging 
between epidermal cells as well. Except that the sporophores are 
smaller in diameter than might be expected from the size of the spores, 
they exhibit no distinctive (Characteristic. 

The conidia (PI. 28, Ca-m) on the other hand are decidedly charac¬ 
teristic and can be readily distinguished from those of any congeneric 
species which the writer has examined. Generally subhyaline or slightly 
fuliginous, they resemble in respect to coloration the spores of Helmintho¬ 
sporium teres, H. bromi, H. giganteum, and H. iritici-repentis. Unlike 
the conidia of any of these fungi, however, they are typically more or 
less curved, a fact which together with the mode of germination by the 
production of two polar germ tubes (PI. 28, Da-c) suggests comparison 
with H. leersii, H. cynodontis, and H. turcicum. From the spores of the 
fungus causing leaf blight of maize, those of the parasite on Paspalum 
boscianum are readily distinguished by their smaller dimensions, a very 
perceptible difference obtaining in respect to length and diameter. As 
the number of septa in the conidia are approximately equal, or even 
somewhat greater in the fungus thriving on P. boscianum, a very pro¬ 
nounced difference in massiveness between the spore segments of the 
two species is readily apparent. In general shape, the conidia of the 
parasite on Paspalum boscianum are less inclined to taper toward the 
ends than those of the H. turcicum, frequently all the segments except 
the terminal ones being of nearly Bie same diameter. The most char¬ 
acteristic feature, however, is found in the shape of the proximal end of 
the spore, which tapers quite abruptly and uniformly from the basal 
septum into a nearly cylindrical short prolongation, terminating abruptly 
in the flat hilum. Because of this curious modification, the contour of 
the peripheral wall usually exhibits a slight, barely perceptible, reen¬ 
trant curve. 

Among the specnes of Helminthosporium discussed in this paper the 
form on Paspalum boscianum is altogether unique in causing under 
natural conditions a violent wilting effect on the tissues of its host. The 
only instance known to the writer of similar pathological symptoms 
attributable to a congeneric species is the wilting produced experi* 
89365—23 -6 
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diameter of its spores. Nor does it appear possible on morphological 
grounds to identify it with other species of Helminthosporium, including 
the numerous saprophytic types that have been referred to the genus. 
The specific name rostraium is suggested as descriptive of a conspicuous 
feature characteristic of many of Qie conidia. 

DIAGNOSIS 

Helminthoqsorium rostratum, n. sp. 

Occurring on the dry leaves of Eragrostis major, Host. 

Conidiophores dark olivaceous, emerging singly or in groups of 2 to 5 from stomata 
or between epidermal cells, the swollen bases often more or less united; measuring 6 
to 8 by 40 to 180 m; 1 to 6 septate, the septa separated by intervals of 15 to 40 n; pro¬ 
liferating the first spore 40 to 140 /> from the base, and successive spores at intervals of 
10 to 30 ju, at the apices of well-defined geniculations. 

Conidia, when mature, dark olivaceous; straight or less frequently somewhat curved; 
often short, widest at or somewhat below the middle, tapering moderately or more 
markedly toward both ends, the hemispherical apex abruptly rounded off, the basal 
end somewhat more acute, often exhibiting a rounded conical contour; or less fre¬ 
quency produced at the tip into a more or less elongated rostrate prolongation. The 
elliptical spqres 3 to 9 septate, the rostrate types usually 8 to 15 septate, the proximal 
cross wall occasionally associated with a perceptible constriction in the peripheral 
wall. The basal septum often, and the dism septum less frequently, appearing darker 
and thicker than the intermediate cross walls, such modification not unusually asso¬ 
ciated with a more dilute coloration of the delimited basal or distal segments. Peri¬ 
pheral wall thick except in two small subhyaline regions, one at apex, the other sur¬ 
rounding the conspicuously nrotruding hilum at the base. Mature spores germinat¬ 
ing by the production of two^lar germ tubes, one from each of the subhyaline thin- 
w^ed reg^s; immature spores often producing germ tubes also from intermediate 
segments. Measuring 14 to aa in diameter W 32 to 184 $t in lenrth. 

Habitat. —Collected near Washington, D. C., September and October, 1921. 

HELMINTHOSPORIUM ORYZAE B. dB H. 

Helminthosporium macrocarpum of von Thfimen not Greville. 

Helminthosporium oryzae Miyabe & Hori 1901, in Ndji Shikenjo H6koku, no. 18, p. 67-81. 

Probably the earliest record of the occurrence on rice of a species of 
Helminthosporium resembling the form now recognized as a widely 
distributed parasite on this cereal may be credited to von Thiimen (150). 
Hiis writer in a paper published in 1889 reported Helminihosporium 
macrocarpum Grev. as not infrequently appearing indiscriminately on 
dead parts of rice plants immediately after the tissues involved have 
ceased to live. To the presence of the fungus was attributed a discolored 
appearance of the crop ^at had occasioned popular discussion of “attack” 
and “ sooty mould.” Von Thiimen believed ^at the fungus nevertheless 
is not the cause of any disease, but that it makes its appearance rather 
as the result of disease or as a saphropyte accompanjring entirely normal 
maturation. 

While the various saprophytic organisms that have been referred to 
Helminthosporium macrocarpum by different authors in all probability 
are not specifically identical, it may be assumed that such reference 
implies a moderately close correspondence to the diagnosis of Greville’s 
species. In most details, indeed, this diagnosis is not widely at variance 
with descriptions of the fungtis causing leaf spot of rice. A significant 
departure is evident, however, in the width of the sporophore, which in 
H. macrocarpum measures 15 to 20 ft, thus equaling or sli^^tly exceeding 
the diameter of the conidia. The identity of the fungus observed by 
von Thiimen thus is rendered somevdiat doubtful. In any event it 
scans dear that no useful purpose could be served by associating 
Gieville’s binomial with the parasite on rice. 
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In 1900 van Breda de Haan (16) described from Java as Helmintho- 
sporiwm oryzae, a fungus producing spots on living rice leaves, the affected 
areas being entirely dry in the center and surrounded by a brown margin. 
The brown conidiophores arising from the under side of the leaves, 
according to his characterization, bear large, fuliginous fusiform acro- 
genous 6- to 9-celled conidia, measuring 16 by 90 and germinating from 
both end cells. The fungus which had also been found on the fruits of 
rice, the author, evidently influenced by von Thumen’s paper, regarded 
as probably identical with H. macrocarpum Grev. 

The next year (1901) Hori {62) gave an account of the same disease 
in Japan, and apparently without knowing of van Breda de Haan’s 
paper, named the parasite Helminthosporium oryzae Miyabe and Hori. 
The fungus has since been reported from Japan by Yoshino (r< 5 r), 
Kurosawa {86), and others, while in more recent years Suematsu {146) 
has investigated its cultural characters, and Nishikado and Miyake (p.^) 
have studied methods for its control. An illustrated account of the 
disease and the parasite is given in Ideta’s large handbook (65). An 
unidentified species of Helminthosporium on rice was reported from 
the Straits and Federated Malay States by Gallagher {46), from Madras 
by Sundararaman {147), from Uganda by Snowden (155), from Ceylon 
by Bryce (ry), from Cochin-China by Vincens (155), as well as from the 
Philippines by Reinking (rry). In a recent note, Ocfemia {<)6) states 
that in 1918 he observed a seedling and leaf blight attributable to H. 
oryzae doing considerable damage to rice in the Philippines. Fameti (jg) 
ascribed the “ brusone ” disease of rice in Italy to a fungus highly variable 
in its morphological characteristics and pathological manifestations; 
presumably appearing as either Piricularia grisea, P. oryzae, H. turcicum, 
or H. oryzae, its form in any particular case being contingent on the host 
plant, the organ attacked, and the environment. 

Beyond a statement in Ocfemia’s (96) note that the “sesame spot 
disease’’ of rice caused by Helminthosporium oryzae was observed by 
W. H. Tisdale in Louisana in 1920, the American literature does not 
seem to contain any reference to the occurrence of the parasite in this 
country. Dr. Tisdale has advised the writer that the Helminthosporium 
leaf spot is of not uncommon occurrence in the rice fields of Louisiana 
and Texas, and has kindly supplied specimens of affected mature rice 
inflorescences collected in this locality on September 15, 1920. An ex¬ 
amination of these specimens showed that the fungus occms on the 
glumes at first as a grayish efflorescence, and later, because of continued 
development, as a black velvety mat, somewhat similar in texture to 
the crustose growth of H. ravenelii on Sporobolus indica but much less 
extensive. (PI. 30, A.) Through the courtesy of Mr. Ocfemia, pure 
cultures of the fungus originally isolated from Louisiana material were 
obtained, as well as specimens of rice leaves from experimental plants 
artificially inoculated. The leaves bore an abundance of dark brown or 
reddish brown spots, longitudinally elongated, the larger ones measur¬ 
ing up to 0.5 by 3.0 mm., and showing a small straw-colored area in the 
center. (PI. 30, B.) No indication of an etiolated zone surrounding 
the foliar spot like that characteristic, for example, of the blotch caused 
by H. bromi, was present, the discoloration caused by the fun^ mani¬ 
festly resembling that produced by H. leersU on Leersia virginica, and 
belonging to the t)^ that in other instances has suggested the term 
“eye spot.’’ In pathological symptoms the American parasite thus 
resmbles the fungi described from Java {16) and from Japan {62), 
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The correspondence in morphological features between the three forms 
is sufficiently close to warrant regarding them, at least provisionally, as 
specifically identical. To be sure, in respect to the dimensions of conid- 
iophore and conidium as well as to numerical range in spore septation, 
Breda de Haan’s (z< 5 ) account is not altogether in perfect agreement with 
Hori’s description; and either account reveals shortcomings when con¬ 
sidered in relation to the American fungus. However, if the more 
extreme and relatively infrequent expressions of length and septation 
are disregarded, the differences are not especially large. Perhaps the 
most serious discrepancy is found in diameter of condium, the measure¬ 
ments given in Hori’s account, 16 to 22 ju, exceeding the measurement 
given by Breda de Haan and also the measurements obtained from 
American material, by somewhat more than can readily be referred to 
ordinary variability, in view of the comparative constancy generally 
characteristic of this dimension within a particular species. Although 
Ideta’s (65) figures indicate that the Japanese fungus is at least of Ae 
same general type as the American form, a brief morphological account 
based on material from Louisiana nevertheless may not be superfluous. 

The black, velvety, mycelial mats on the glumes of affected spikelets, 
which are found distributed irregularly and usually rather sparsely 
through otherwise healthy panicles (PI. 30, A), are composed of prostrate 
hyphae and more or less erect sporophores. The former, which com¬ 
municate directly with the mycelium in the tissues of the host, when 
well developed, show abundant brandling and anastomosis and are com¬ 
posed of short segments, dark brown or olivaceous in color, more or less 
inflated or lobulate, and measuring from 8 to 15 ju or more in diameter 
(PI. 30, D). The sporophores arise as lateral branches from these hyphae, 
which indeed they resemble toward the base, in possessing a dark oli¬ 
vaceous color, and in showing a tendency toward ramification. (PI. 30, 
D.) Some distance from their base, the sporophores gradually change 
from an olivaceous color to a light fuliginous hue, and at the tip may 
even be subhyaline. They vary in width from 4 to 8 /i, and in length 
from 150 to 600 ju or more, depending on the age of the growth. The 
scar marking the point of attachment of the first spore is found above 
the olivaceous proximal portion of the sporophore, usually not less than 
200 n from the base; successive scars occur at relatively long intervals 
(10 to 90 ju) at geniculations not alwa)^ well defined or conspicuous. 

As collected on rice plants naturally infected, the conidia measure 
II to 17 ^ in diameter by 35 to 170 ju in length. The larger ones like 
those shown in Plate 30, C^, b, and containing as many as 13 septa, appear 
to be produced for the most part on- well developed mats of sporophores 
occurring on the glumes; while the less extreme sizes (PI. 30, Cc, m) are 
associated with the scattered fructifications on the glumes or leaves. 
Apparently because of the absence of the longer spores from diseased 
leaves, those of more moderate length have been regarded as character¬ 
istic of the paiasite, the one figured in Plate 30, Cf, for example, fitting 
almost exactly the description given by van Breda de Haan. Typically 
the spores are slightly curved, widest at the middle or somewhat below 
the middle; the distal portion tapering toward the hemispherical apex 
where its width approximates half the median width; the proximal por¬ 
tion tapering toward the base, which is similarly roimded off, although the 
diminution in diameter is usually perceptibly less. When fully mature 
the^ are fuliginous or brownii^ and provided with a moderately thin 
periffliera] wall that is further attenuated at the apex as well as imme- 
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diately around the rather inconspicuous hilum visible within the contour 
of the base. Normal germination of mature spores proceeds by the 
proliferation of two polar germ tubes, one from each of the thin-walled 
regions (PI. 30, Cd, e); while less mature, subhyaline spores may produce 
germ tubes from intermediate segments as well (PI. 30, Ci, k). 

On tap-water agar the fungus grows sparsely, producing conidiophores 
and conidia (PI. 31, Aa, b; B) which, while somewhat narrower and more 
nearly colorless, are essentially similar to those found in nature. How¬ 
ever, on other substrata, as, for example, potato glucose agar, growth is 
very profuse, and owing to the blackish olivaceous color and velvety or 
felt-like texture of the mycelium, somewhat similar in general appearance 
to the growth of Helminthosporium sativum (PI. 31, D). The spores, 
although of a shape and size not entirely unlike those found in nature (PI. 
31, Cd, Da) in spite of many markedly irregular examples (PI. 31, Db, c) 
frequently exhibit such pronounced departures in respect to coloration as 
to suggest the suspicion that one might be dealing with a separate species. 
Instead of a uniform fuliginous, brownish or dark olivaceous color, they 
show in the same culture all gradations from subhyaline to deep oliva¬ 
ceous, and in some instances are so nearly black as to appear opaque 
even when a moderately bright illumination is used. Associated with 
the dark coloration is a peripheral wall conspicuously and uniformly thick 
except over the apical and basal regions involved in germination. (PI. 
31, Ca.) Frequently one or both end segments are altogether subhyaline 
(PI. 31, Cb, c, e, Db), in sharp contrast to the other segments, and occa¬ 
sionally one or more intermediate segments show similar differentiation 
(PI. 30, Cb, e). But whatever its position, the subhyaline segment is 
always set off from the dark segments by greatly accentuated heavy 
septa. Manifestly, coloration, and, in a smaller measure, structure are 
contingent here upon conditions not usually present when the fungus 
grows on rice plants under natural conditions or on tap-water agar in 
artificial culture. 

In general morphological characteristics Helminthosporium oryzae sug¬ 
gests comparison with H. sativum, H. monoceras, and H. turcicum. From 
H. sativum it may be distinguished by the greater length and the more 
pronounced tapering toward apex and base, characteristic of its conidia. 
On the other hand, the conidia of H. oryzae taper less markedly toward 
the basal end than the homologous structure of the parasites on barn¬ 
yard grass and on corn; and the hilum is contained within the contour 
of the base, not protruding as in the latter two species. Certainly Far- 
neti’s (jp) belief that H. oryzae and H. turcicum represent specifically 
identical fungi seems altogether incredible, in view of the well-defined 
morphological differences between the parasite affecting rice and the form 
causing leaf-blight of maize. 

During recent years methods for controlling the brown-spot disease 
have been investigated by Nishikado and Mi)rake (94) in Japan, where it 
constitutes one of the most serious troubles affecting rice culture. In 
the province of Oka3rama, for example, 90 per cent of the seedlings in the 
seed-bed were found affected to a greater or less extent, and sometimes 
practically all the seedlings bore lesions, making it difficult to find entirely 
healthy specimens. ^Controlled experiments brought to light the fact that 
this very general seedling infection was largely attributable to infected 
or contaminated seed. It was found that the spores of Helminthosporium 
oryzae are killed by immersion in water at a temperature of 51° C. for 10 
minutes, while air-dry rice seed is not injured by immersion for 10 to 15 
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minutes in water at a temperature of 54 to 55° C. As a practical method 
of control, treatment of rice seed in water for 10 minutes at 52° C., or for 
5 minutes at 54° after preliminary soaking for 24 hours at room tempera¬ 
ture, was recommended. 

The disinfection of rice seed by other methods, including possibly the 
hot air method devised by Atanasoff and Johnson (j) and treatment 
with various organic mercury compounds, presents a profitable field for 
further research. In this connection it may be mentioned, however, 
that the conidla of Helminthosporium oryzae appear to remain viable 
relatively long periods, the writer having germinated, in September, 
1921, spores from material collected in Louisiana on October i, 1920, 
nearly 12 months earlier. (PI. 30, Cd, i, k.) As a result the fungus 
, undoubtedly is able to survive from season to season on stubble, straw, 
j and other refuse. Although the prevra^bon'H~pnmary seedling infec¬ 
tion may reduce to some extent the number of secondary infections at 
later stages in the development of the plant, it can scarcely be expected 
to eliminate them altogether. As in the somewhat analogous disease of 
barley, wheat, and rye caused by H. sativum, generally approved agri¬ 
cultural practices making for soil sanitation should prove of some value. 

In nature the fxmgus does not seem to have been found to attack 
plants other than rice, although on artificial inoculation Ocfemia (97) 
secured infection of 31 species of grasses belonging to 23 genera. Evi¬ 
dently this represents another instance in which &e experimental host 
range is more an expression of the rigorous conditions attending the 
procedure followed than of significant parasitic relationships. 

Since the submission of this paper for publication, a valuable accotmt 
of the Helminthosporium disease of rice has been published in English 
by Nisikado and Miyake (94a), not only incorporating the results of tiieir 
own comprehensive studies but also including suggestive allusions to a 
considerable volume of investigations, the reports of which have not 
hitherto become generally known among readers of the European lan¬ 
guages. Their full account of the morphology, pathogenicity, and cul¬ 
tural characters of the fungus, and their abundant illustrations, leave no 
doubt that the parasite found destructive in Japan and presumably in 
many other rice-growing countries of the Orient is altogether idmtical 
with the one discussed in the foregoing paragraphs. T^e lack of close 
agreement in measurements of conidia and conidiophores given by differ¬ 
ent authors would seem to be due in large measme to the variability of 
the fungus under different conditions of growth both in nature and more 
especially in artificial culture—^its bdiavior in this respect being again 
analogous to that of Helminthosporium sativum. In addition, the inclu¬ 
sion in the range of dimensions of the more extreme measurements by 
some authors, and their exclusion by others, have not made for any 
close correspondence. As a special instance, the range in diameter of 
the sporophore may be cited, some writers having included measure¬ 
ments of the inflated basal segments, or of the distended segments of the 
prostrate elements from tirtiidi the sporophores arise, while others have 
excluded them. The latter course was followed in the present account, 
as it was believed that in a .comparative treatment involving a number 
of species the figures thus obtained would have the freater significance. 
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HELMINTHOSPORIUM CYCLOPS, N. SP. 

In July, 1921, the writer collected, near Lisbon Falls, Me., specimens 
of Danihonia spicata (L.) Beauv. that appeared to be slightly affected 
with a leaf spot of the type caused by Helminthosporium sativum. 
Although the grass had completely headed and most of the lower basal 
leaves were dead, the remaining foliage was still green and in an actively 
vegetative condition. The dark brown or black foliar lesions, usually 
not exceeding 0.5 by 2 mm. in length, were found distributed very 
sparsely over the living foliage. On the dead basal leaves correspond¬ 
ing spots were observed, although considerably faded; and in a number 
of instances microscopic examination revealed these as the foci of 
fructifications of a species of Helminthosporium differing markedly 
from a small-spored congeneric form that also was present in moderate 
quantity. Although the fructifications of the former species were not 
confined to the conspicuously discolored areas, their distribution on the 
dead leaves was such as suggest a causal relation between the fungus 
and the brown foliar lesions. Owing to the small size of the leaves of 
Danihonia spicata and the tendency of the foliage to begin withering early 
in the course of the growing season, the matter of referring such type of 
foliar discoloration to a fungus not appearing on the surface until after 
the death of the tissues involved, and then not in great abundance, is 
attended with some uncertainty, as has been noted in another connection. 
The possible damage resulting to the host from the leaf spot in any case 
would appear to be quite insignificant. 

The conidiophores (PI. 32, Ea-c) of the fungus arc not especially 
characteristic, and show little to distinguish them from those of Ilel- 
minthosporium sativum or H. vagans, in size, color, or general appearance. 
The conidia (Pi. 32, ca-m) also resemble the analogous structures of 
these two species in possessing, when mature, a conspicuously thick 
peripheral wall, and, associated with this thick wall, a dark olivaceous 
color. In length they are approximately equal to the conidia of H. 
sativum and not greatly inferior to those of H. vagans; while in diameter 
they fall slightly below the spores of the former species and more con- 
siderablv bdow those of the latter. Uniformly straight, and either nearly 
cylindrical or tapering more perceptibly toward the ends, they perhaps 
resemble most closely the spores of H. vagans in general shape. A specific 
difference readily distinguishing the spores of the form on Danthonia 
spicata from those of H. sativum and H. vagans is found in the more 
pronounced attenuation of the peripheral wall at the base and apex. 
The basal end, moreover, is distinguished by a conspicuous hilum, the 
largest observed in any species reported in this paper, which, because of 
a somewhat fanciful resemblance to an eye, has suggested the specific 
name cyclops. 

The conidia (PI. 32, Da, b) germinate readily in water, producing two 
polar germ tubes, which emerge, as might be anticipated, from the 
hyaline, thin-walled regions at the tip and immediately surrounding the 
hUum. In mode of germination the fungus thus again resembles 
Helminthosporium sativum. That the relationship with the latter species 
nevertheless is not a very close one is indicated in agar cultures by the 
development from the imbedded mycelium of an abundance of infiated 
elements altogether analogous to those observed, for example, in cul¬ 
tures of H. tritici-^epentis, H. bromi, H. teres, and //. turcicum. On 
potato-dextrose agar a moderately profuse gray aerial mycelium is 
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produced, interspersed with a considerable number of subspherical, dark, 
superficid. sclerotia, not unlike those produced under similar conditions 
by H. bromi and probably representing also in this instance, immature 
perithecia. It analogy is not entirely misleading, it would seem that 
search for an ascigerous condition of this fungus might perhaps not be 
without success. 

When cultivated on substrata containing little organic food material, 
as, for example, Beijerinck’s agar, the fungus usually develops a variable 
number of sclerotia below the surface of the medium resembling the 
superficial ones described above, but occasionally departing from the 
subspherical type by growing into elongated, rather irregular bodies. 
(PI. 32, A.) Microscopically, the aerial growth is relatively scant, the 
loose mycelium being limited to a small quantity near the point of 
inoculation. The larger portion of the surface is peppered with discrete 
fructifications such as are represented on Plate 33, Aa, Bb, C, D. Although 
generally noticeably smaller, the conidia developed in culture resemble 
in essential details those found on the host in nature. The discrete 
conidial fructification is, in general, of the type exemplified in H. sativum, 
but a few marked differences frequently occur. After a spore has been 
proliferated, it frequently grows out into an apical prolongation (PI. 33, 
Ba, Bb, Da) having the same diameter as the sporophore and prolifer¬ 
ating spores in the same way (PI. 33, Baa, Bba, Daa-ab). Or, without 
any special modification it (PI. 33, Dc) may produce a secondary spore 
by apical proliferation (PI. 33, Dca). The sporophore occasionally also, 
shows an aberrant tendency by continuing apical growth not in the 
usual manner, but by a process of budding exactly similar to that occur¬ 
ring in the production of a conidium. (PI. 33, Ab-Abc.) In such cases 
the distal part of the sporophore is similarly marked at the base by a 
conspicuous hilum. Obviously the fungus shares in some measure the 
Alternaria-like habit and tendency toward the obliteration of spore and 
sporophore manifested in H. catenarium. 

A compound type of fructification also is produced by the fungus. 
In tube cultures of Beijerinck’s agar, these occur in the form of erect, 
stiff, thread-like black structures, measuring from 0.3 to 0.5 mm. in 
diameter and arising usually from a slightly expanded base in the center 
of the loose aerial mycelium. (PI. 32, A B.) The lower portion for a 
distance of about i mm. usually is sterile. (PI. 32, Bd.) Above this 
sterile portion the fructification bristles with a dense array of sporophores 
resembling the discrete conidiophores and bearing similar spores. (PI. 
32, Be.) The axial column is hard in texture and when broken and 
examined microscopically appears to be composed of dense white pseudo- 
parenchyma of which the surface layer is largely quite black but inter¬ 
spersed with numerous small lighter areas. Except at the abruptly 
truncated tip (PI. 32, Ba) where further growth of the fructification 
occurs and where new sporophores (PI. 32, Bb) are constantly being 
proliferated, it is impossible to recognize the hypal origin of the axial- 
column. Ihese fructifications, which appear moreover to show some 
similarity to the sclerotia produced by the fungus, have been seen to 
attain a length exceeding i cm. and undoubtedly could be grown much 
larger. 
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DIAGNOvSIS 

Helminthosporium cyclops, n. sp. 

Occurring on the leaves of Danihonia spicata (L.) Beauv. on which it causes small 
dark-brown spots not usually in abundance. 

Conidiophores, olivaceous, usually 3 to 7 septate, the septa occurring at intervals 
of 18 to 50 ju; measuring 7 to 8 /x in diameter by too to 250 m in length; producing the 
first spore from 80 to 160 /x from the base, and successive spores at the apices of moder¬ 
ately pronoimced geniculations. 

Conidia, dark olivaceous except in restricted subhyaliiie regions at apex and base, 
straight or rarely slightly curved, cylindrical or tapering gently toward Hie bluntly 
rounded ends, the shorter ones often ellipsoid; measuring usually 12 to 17 in diameter 
by 45 to no M in length; 4 to 12 septate, the septa not UvSually associated with con¬ 
strictions in the peripheral wall; tlie latter thick except in the subhyaline regions 
from which the two polar germ tubes are produced, one at the apex, and tlie other 
immediately surrounding the unusually large and conspicuous hilum included within 
the basal contour. 

On agar media containing abundant organic food material, producing numbers of 
superficial subspherical sclerotia resembling immature perithecia of congeneric forms. 
On agar media containing little organic food material, developing imbedded sclerotia, 
discrete fructifications and compound fructifications. Conidiphores of discrete 
fructifications arising from more delicate subhyalinc vegetative hyphae often becom¬ 
ing branched as a result of individual spores being produced into sporophoric pro¬ 
longations and occasionally continuing growth by budding in a manner analogous to 
the proliferation of spores. Conidia like those produced in nature but usually shorter, 
ellipsoidal, rarely exceeding 18 m in diameter and 60 /x in length. 

Compound fructifications consisting of a threadlike axis 0.3 to 0.5 mm. in diameter, 
10 mm. or more in length, composed of hard, white pseudoparenchyira with black 
mottled surface, and bearing numerous radially oriented sporophorcs above the some¬ 
what expanded sterile basal portion. 

Haditat. —Collected near Norwood, Mass., November 7, 1920; and Lisbon Falls, 
Me., July 20, 1921. 
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PLATE I* 

Helminthosporium gramineum 

A.—Upper portion of barley plant collected near Fort Atkinson, Wis., June 25, 
^1921, illustrating condition soon after death. Aa represents abortive inflorescence 
with distorted awns slightly protruding laterally from the uppermost leaf sheath. 
The leaves show longitudinal splitting into strips as well as lack of mechanical rigidity 
evidenced by their drooping (Ab) and contorted {Ac, d) positions. Ae represents 
basal shreds of leaf, the remainder of which has broken off as result of brittle texture 
due to disease. XH- 

Ba-h.—Normal spores showing variation in size, shape, and septation. X500. 

Ca~d.—^Normal spores germinating in water mount, showing single germ tube 
produced from distal and middle segments, and i to 3 germ tubes produced from 
Dasal segment. X 500. 

Da-c.—Conidia from the apical segment of which has been produced a single coni- 
diophore with scars showing places of attachment of secondary conidia; also secondary 
comdia Dcor-cd, Dd .—Spore with two apical secondary sporophores, one showing 
secondary spore attached. Ds.—Spore with two secondary sporophores, one pro¬ 
duced from basal and one from apical segments. X 500. 

Ea-e.—Group of typical sporophores emerging between distorted epidermal cells, 
showing enlargement of basal segment. X500. 


* All figures of conidia, germinating conidia. mycelia, conidiophoras, asci, and ascospores in the plates 
accompanying this paper were drawn with the aid of a camera lucida to the same scale, and in reproduction, 
reduc^ in equal proportion to give a uniform magnification of 500 diameters. Host epidermis figured in 
connection with conidiophores was drawn in surface aspect with the aid of the camera lucida, and the 
resulting figures redrawn as if projected at an angle of jo degrees, yielding in reproduction a magnification 
of 500 diameters in a longitudinal direction and approximately ai;o diameters in transverse direction. Pi* 
gures of pathological habit, of perithccia, of compound fructifications, and of test tube cultures were drawn 
at convenient magnifications, reduced in reproduction t o the scales specifically indicated in the legends 






















PLATiv 2 

//( Immthosl'>o}inm lens 

A Voiinj^^ NohniUci IkuIcn show in heavy infecti m of net ]>lf)lch as foinid 

otciiiriim neai Madis m, Wis . diinnic the earlier part of v'^epti inher, ii}U) Voiiniijest 
liaf ( \(i) h(‘<dthA . stcoiid and tliird haves ( li/>. Ir ) shouniji; ineiiMsin^^ anioiint ol 
nifeetion. loiirth hsif ( \(h 1 )eirnnnn,u to withei at the tip, fifth leaf ( Ir) eiitirtdy 
withered « ^ 

n Portion of dise<is(d leaf show in,tc discoloration in c h.uaet(‘ris 1 ie iriejijjiilar reti 
(111 iti* ])att(‘rii 

Ca f Conidia Irani diseased bark \ half showing \ariation in si/i , shape, ind 
seplation • soo 

Oa-d -Conidia from diseased barie\ leal iininatini,^ m t.ij) w.iter, showing jH'o 
liferation of ,i(erin tubes fnan end and middle segments ‘ ^oo 

Iv.i-d Conidiopliores emeri^ini; from stoma in uroiij) ot and smi^h fT’om between 
adjacent epidcimal ctdls ^oo 



PLATE 3 

I^Vu'uoj-^boui ictrs 

A. Portion of b.irlev culm as lound occurntii^ near M.irlison. Wis , April 15, ‘uo), 
slio\vin,c: nuiiicnms cnunpcnl jiorithccia 

-Pc rilhccium bearing: poinlccl set u* near Ikisc, .uirl an abiindanco of flexiioiis 
conidiophorcs on np]>cr surbicc ^ 11 s 
Ca vStdii from i)c ithccitim *500 
Cb-c Conidiophorcs from ])crit 1 iccium. >'500. 

D Iu)iir asci sIionn niR impcriccl dcvadojimcnt of ascosporcs, and ]>seiidop,ircnchyma 
surroiintlini' them ^ soo 
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VLATi: 1 

//< Imniihosiuu! aiciKu 

A PortiDii of (».it pLiiit sliDUiiii; A imnihcr of disoolorvd .irms on uppci li‘a\c‘s dm* 
to att u k by II avoKK <4 

Ha -1 S])ori'S of // uroKii' lioni disi‘.isc‘d oat leaf showing \anatioii 111 si/e, slia[5e, 
and M'pt'ition ^00 

Ca 1) Sp()rts from diseased o<it leaf, j^enimmlinj^ m water sliouni^ proflmtioii 
ol ^erni tubes Ironi end and middle seirmeiits - :;oo 

D.i C<»iiidiopliores eiiu'rging siiijl;!)' or 111 j^roiips of ? oi Ironi stomata or bet ween 
eoiili^uo’is ejndermal eclls Ih and IK exhibit type of brancliiii^ occurriii^ oc- 
casionalh in this speeies ^ 500 



PLATK s 

11 (htunlho.sponum Iritici-icpcnfis 

A.—ySrniill phintof AqiopVK^fi' icprtn. ab foimil near Hro)klyu, N Y , July i-, ig-’o, 
showing four lower leaves withered and killed as result of attack of fungus, diseolora 
tion absent but inieroscoj)ieal examination revealin,i^ abundance of fructifications of 
H rr/>r;i//.s on thri'c lowermost le«ives }i 

Ha-m Conidia showing variation in vSi/e. shape, dimensions, and abundance of 
septation and the distinctive contour of the basal segment characteristic of the species 
X 500. 

C - Conidium germinaling normally in water mount by proliferation of germ tubes 
indiscriminately from nearly all segments X 500 

T)a f. - Conidiophores showing mode of emergence from stomata and Irom between 
adjacent epidermal cells X 500. 
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/*yti'nnf^ln>ta hiiiti H'/n'uhs 


A l\‘rit]ioc'iiiin (if Pyu iiiff*hi)r<{ ttitu i n c on (lt*cM\iiii; liMVcs ol 

\ Qiof>YKni iu>ar Madison, Wis, carl\ in April, k^io. sIiowiuil; widl-drliiU'd 

osti )l.ir l)i*ak bt anin; a minilirr ol sclac at tlu^lip.tlu* latliT hidiio more or less eiirved, 
olton several limes s(‘plate, (Kcasioiiallv braiiclnii'^. and tajieriiiLi percejitiblv from 
bas(‘ to distal nd i 7 > 

lia-b -bortions of old sfom ol [ifntf yron show in'; lumierons oriimpeiit 

[lenlhecia apjaanni^on denuded stalk tHai, and less nnmeroes perilheeia on le.il 
slie.itli ( HI)) 

k Aseus Ireslih dissected Irorn peritheeinni belore nnden;<'’nu swellini; ])rebm 
inary 1 > s])or(‘ disibiiri^e qoo 

Dab Ascospores j^erminatinjL; b\ production of germ tubes Ironi tlu* grea' t 
nnniber ol tluar si'gmenls, sliowing also the ciivt lojiing latinons laNcr « 500. 

I{a-d Ascospores showing Aariation 111 si/e and sept.ilion, as well as pristaice and 
absence ol enveloping gelatinous laver • ^oo 



1‘LATIv 7 

Ili lminlhoi> port ton catena} tmn 

A Lcif of ('itnia amttilitiiicca, the pro^Kimal |)f)rli()n hcaUliN . tlic distal p{)ition 
entirely vvitliered as result of attaek by H ialciKinion 

Ha-1 —vSpores of IIclinintho.\po}iHni (aicnainon from iiuiterial collected on host. 
showiJu; variation in size, shape, and septati.m, Ba, d, //, /, short spores, straii^ht ami 
tajierim^ toward tip Bh, loni( spore with median constriction. Be,/, lon^ sjiores show 
ini^ constricted apie\il proloni^ation, wdth apical scar markini^ point of attachment of 
secondary spore, Be, loni^ spore, irrej;ular in diameter, ^rowanj; out at a])i-x to jiroduce 
.1 secondary spore, Bit, primary spore with younj; secoiularv spore Bi attached at 
apex Soo. 

Ca-e -- vSpores from material collected on host, germinating in tap water 1 )\ j)rodiK 
tion of germ tubes from basal and apical st'gnieiits > soo 

1) Conidial fructification in 20-dav-old corn-rneal agar culture, consisting ol 
s])orophf)ric segments Daa-af, and spores Dha (nf 500 

Ka-c --vSporophores from material collected in field, emerging from stom.ita {i*pi- 
dermis and stomata considerably dist >rted as result of withering) - 









































Hi ImniihiKsf^ouum huiwi 


A PortiDii ()1 ])l.mt <)l Hioihus sliowiiii^ younm'sl 1 (m 1 ( l^/) lu , the 

sdond ( l/o, and tliird ( 1 < i Ijcanm^ a miinlKT of j^pats, and lln^ fourth [Ad) largfh 
withered as .i result of altai'k h\ II( huinHio^futniiw Inonii ^4 

H Portion of disiased leal of Bhiwm imnHts, sliowini^ eliolatcMj are.is sinroimd 
in;^ dark s])t>ts, the discoloration in the latter huiii; most inti'ii^e ni the center .iiid 
f.idiin; out tou.ird the perijiherx > 

C. i f Conidia fmni diseased h'al, show init \ ari.ition in si/i*. si ijie. and si‘ptation 

• ^oo 

D. i i Coindia rniin.itnn; in l.ip w.itia 1)\ tin production ol nil tubes indi 

cTiniinaleh Ironi end <ind middle segments 'I'he spores />/>and />< ^eniim.ilid l\ini^ 
111 cont.ict, tlu rt suiting ^iTiii tubes anastomosnii; inmKMb.itel\ .ifUr their jiroblera 
lion ' ^oo 

[{a c Conidiojihorcs ol // buntn emen;inij; between .idiaeLiit (.piderni.il cells ol 
host ^ioo 



in.ATH 0 

l^ytcfiopliofu hut nil 

A Old leaf of Htouiu.s mamts of j^rowth ol preceding season as eolleeled near 
Madison, Wis , May i, igjo, sliovvinjj scattered niatnrt‘ ])erilhecia of hronu ' ^4 
Pi ----IVntheeinm of 1 * A^ew/, showing wide ostiolar beak, with scattering setae 
' ^ ">5 

C - Twenty five day old jiotato agar ctiltnre of /* btomi, showing selerotia p.irtU 
eo\ered with while niat of aerial itiyeeliiiin 

IJ Asciis of 1 * (nottu after some swelling due Xu tibsorption f)f water, jindimiii.iry 
to s])ore discharge - 500 

H — AvScosfiore of huuni giTimiiating in waiter 

Pvu’nofthora tctc\ 

P.—Siil)inerged inyceluun of P /c/o from 5-day (^Id watiT agar ciillim*. showing 
relativeh small complexes of inllated hyphal segments :;oo 























PLATK lo 

U ('bum I ho s jutitiim uuja ntcum 

\ IamT of I'lcn^itu luthta ultackod In II ijiqaub urn . shovvinjj^ the presence of 
luinicnnis “c\c‘ spot ” k*sions «ni(1 tin* withonnj:: of tlu* lip .is a mstilt of llic disease 

■ I 

H Portion of leal oi lihusun uubai, slaiwnij^ eye s])ot lesions in various stages of 
de\ elo])inent • j 

C.i (1 Normal conidia from leaf of lAouuuc uidiai, sIiowhilC variation in si/e and 
sliaja* and jiresenee ot eoineal protuberanee at base The eomdnmi ( < ref)res<‘nts 
approximateh the maximum length attained by spores of the lun^ms 500 

Da c Conidia irom diseased leaf i^erminatinj; in water b\ the ])roduclion of germ 
tubes singly (/>a). or 111 groups from the end cells (Dh), or from intermediate cills 
>l)c) • soo 

I{a b Conidio])hores from diseased leal of hlcusuu uuhea showing enlarged b.ise 
and sjiaeing of septa and ol scars ^ ;;oo 



1 ‘LATIC 1! 

Hclynnitho^poti u w duty aides 

A Voinij^ pUiiit of / (stma ihilun, showmi^ lutnicnms iicL blotch Icsiotison the two 
older leaves, the lowermost one beginning to wither at the tip « 

Ha-c| Conidia from leaf of f'csima (datioy, showing variation in si/e, shape, and 
sept at ion v 500 

C- I’art of kaf of lu sluca ilatiof, showing retienlate pattern of dark longitudinal 
and trans\erse streaks within dilTnsely discolored areas > 3 

Da k Conidia from leaf of I'csliua elaiiot, germinating in water bv the production 
of lateral or oblicpie germ tubes, ustialh from the end segments, and less freipieiitU 
frotn an intermediate segment iDa, h) '• 500 

ICa 1 Conidiophores of U dulyoidvs, one group d'Ai-f) emerging Iroin between 
adjacent e])idermal cells, the other grouj) (/u/ i) emerging from a stoma Hranehing 
like tliat shown in luj is relatively infrequent Hyjihae within tlu' tissue ol the leal, 
visible in glveenne jirejiarations stained with eosiii are indicated bv heavier stippling 
Soo 
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PLATH 12 


//( litii}ilho\potium Mmins' 

A rorlioii (>1 pl.nil (iJ LdliutJi tHiiltiJlofuw «itl:u'ko<l by U( lnnnlln)\p()nutn 
the iipjier UmI Aa sliownii* rehiti\cl\ few diseolored spots, tlie luxt liMi IA sliownii; 
a ^rt.iter lumiher, <iiid the tliird, which ha-^ bes^ini to wither at the lip, sliowiiijr a 
larj,'e ininiher of s])ots i 

li I’ortioti ol (list <ised leal, show iiii( s])ots .soiiiew hat nia,i;Tnlied I 

Coindia from UmI of I.oUum w m///// outw. showvariation ni si/e, shaiie. 
and abtind.nu'e ol stptatioii ^oo 

l)a-b Coiiidia from leaf ol l.ohum miiUiponim that ha\e .germinated b\ the jiro- 
duction of a short sporophoric process <»n which has Ihcii produced .i siiij;k‘ secoinhirv 
conidium - :;oo 

ha-c Conidia from leaf of Lolium luu'lifloi hw ^ermiiiatiii^ in water b\ the pr(»- 
dnction of germ tidies Irom both end and intermediate segments * ^oo 

h'a 1 Conidiophores Irotn leaf of Loliuni fiiulliJlot uni, showing variation in si/e, 
and mode ol emergence Irom stoma or more abnndanlK Innn between epidermal 
cells on vascular ridgt‘s :;oo 



PLATE 13 

lli’lmt ntho.spo n u m s lev dC} u m 

Aa-r CoTiidia frini leaf of \qH>sti\ .sfoloiiifcta vShowing xanation in si/<*, shape, 
tind se]jtation In L/, li, u /, a. </, /, distal portion prodneed UvS a s[>nie\\luit atteniiaU-d 
])r.)lon^^ation, in winch septa are absent or presi'nt in smaller nninbers than in iininodi 
tied region > soo. 

Ha c --Conidia Innn leaf of \qto\ti\ stolorn/oa germinating in water l)y the pro¬ 
duction of germ tubes fnmi both middle and end s(‘gments <500 

Ca b Conidiophores of // sivtuinnyn showing variation in si/e and modt> of emer¬ 
gence singly or in jiairs fniin between «idjacent eiiidennal cells .<500 





























PLATE 14 

lit hHniliu)\/u))ium (h matiouli ti»i 

\ I'orhiui of plant of \ iillioMinllium odoiutiim, with havi's willu-nMl and Ix'annn 
Irncl itjt .H ions of // ilvnuitioitlfum 

Mil li Conidni (mm witluTid lt*al <if \ nthoxauthiiw mloi.ilu m, siiowinj^ van.ilion 
in si/t', sliapi*, .ind scjitatum « 500. 

C<i lj: Conidia Ironi withered k-al of \ uthoxnutitw <ulonituni ^ornnnatin^i>; in w.iti-r, 
.\t>pii'aU\ jiroduction of one to lhri*e ^enn tubes Iroin the basal se^^"- 

nitnit and tvpicnllv (t /») by pnxlnetion of oik* ,i«enn tnlie from ap<‘\, ownii; to deatli 
of basal setcinenl ^00. 

Da c ConidiojMiores ol If. ticmutiouicum fnini leaf ol \ iiIhoMniIhiini odouituw, 
Xsoo. 

fh'lmnitho^fyofiiim If isc/^ fa In m 

1 { Portion ol pl.int of \otli(>}(U\ with lowei ha\es witlienal and Ix'anni; 

IriK'tilieations of // t}i\t f^laium 

I'\i f Conidia froTii h* il of Va///a/<Ms iinntus sluiwinj^ \anation in si?(', shajK*. 
and se])tation ^00. 

fia V Conidia from le.U oi \ofln>liUs liuiatus i;i‘rnnnatiiK^ in water b^’ the pro- 
iliu'tion of one or tu'o irenii tnbi's Iroin basal end > 500 

Ha X' Conidio]>hore*s Iroin leaf ot XtdhoUus hf}uilu\ showini; local rini^ like thiek- 
I'liini^s ol w all imme-diateh Ih-Iow pfiints of attachment ol siiecessivi' sjiores v -qo 



PLATE 

fli‘lmint/w,\pontim V(i(jav.s 

A 1 * 0(1 p}afiHsis with leaves alnindantlx spotted .is result of iiunierous local iiifec 
tioii by // i'U(i(n}s XU Hrawii from material collected in Hrookl\ii, M V 
Auj^USt, T()20 

Ba (j Conidia produced on leaf of Poa pjaloisn, showinii variation in si/e, shape 
and septation X 500 

Ca, 1 ) Conidia jiroduced on leaf of P(mi pialoists, j^enninatinj^ in water by pro 
duction of i,a'nn tubes indiscriTUinately from end and middle sepnents K500 

Da-jr Conidiophores of // vai^ufiSy showing variation in dimension, shape, am 
septation. emergence singly or in pairs from stomata or between ejndernial cells, am 
occasional irregular branching characteristic of the species '''500. 

























JI( lmi}itlio\ponum mit m hi 

A liition sci in c ol Sf'oniboius juJkus, iIk* ])oi*ti()ns InMltln . the d.irktT 

]»t)rtK)ns cover'd \\ilh Uif conidial fnictiiicalions of // xivitnlu ' "*4 Drawn from 
niaUTial ccjlkcU'd at Waucliula, Idonda, April iq. igji 

H - Conidio^dion s of II iavencUt, slumin^ oni;ni Innn niTi-rwovcii ln])liac on snjuT 
lu’ial lavcTs of floral parts of host, cr<w\(k*d a)ndilion. br.nichraj^^ habit, irrej^ulantx 
111 diameter, and sears rnarkinj^ fxnntsof attaehnieiil of sp,)res :;oo 
Ca (] ---Conub<i show'injr variation in sluipi, si/e, and se])tation * ;oo 
Da-e Conidia gerniinatin^i; 111 water b\ ])riKluetion of oik or nion., tA])iealh two, 
])()lar ^<*nn tidies, one fr nn eaeh tnd eell soo 



PLATH 17 

II( Imnitho.spofiutti sativum 

A - Portion ol l)iirk‘\ .ilYi*ctecl with spot-!)lotcli, showing abundance ol foliar U'sioiis 
<inil witheniii^ of lo^^ or loavc'S /^ 4 Drawn from material collecti'cl at Madison, U'is , 
July 22, i{)i() 

1^ l\»rtion of barlev leaf sliouin^^ nnmeroiis diseolorerl areas due to infeetion 
\\ itb // Mitivum ^2 * - 

C - Conidia ])roduced on diseased barlev, showing ebaracteristie shape, and varia 
tion in si/e and septation ' ^^oo 

J) - -Conidia of H. satieiim from diseased barlev leaf germinating in water bv tlie 
produetion of two polar germ tidies. <^500 

Ivane -Conidiophores of // emerging from stoma and lietween ejiidermal 

eellsof barlcA leaf * 500 














Graminicolous 














PUATK i8 

II( UniIIthnsf>oitum saltvum 

Aa-b. Kernels of wheal alTeeted with ‘’black point,’* lateral and dorsal views. 

X3. 

Ba-'b. Wheat kernels attacked by II miIivuiu, show inj; cAlensive discoloration 
of embryo and ventral suture, riu'dian lonptiidinal section and lateral view a.s 
C a-b—Whe.it kernels showing se\er<' discoloration in re.i(ion ol embryo, lateral 
and dorsal views 

D - Portion ol mature wheat head, showim^ ^ravish ellloreseeiice on j^lumes, com¬ 
posed of frnctilications of //. auIivuin 3/2 

Iv—Wheat seedhnij ^rown from “ black pointed ” kernel sluiwin^^ nKxU'ralely 
severe inleetion witli 11 Mihriiiii, discoloration ol the basal sheath and two fo’uir 
spots / - 5 ,, 

k'a (| Coniflia of II satumn produced (*n wdieat head, showing atypical irregu¬ 
larities in shape, si/e, and seplation - soo 

(hi k Typical conidia produced on infected leaves of illustrating 

variation in sliajie, si/e, and seplation ^ 500 

H Upper leaves of Aifiof^yioii npens attacked by II. .sdUvum, . howing abundance 
of small elongated foliar sj)ots 



PLATE i() 

11 el nil n iho.s j^o 11 u ni .sa liv u ni 

A.—-Dcnudod coiiidiDphoro frmi 50 devoid c')rnnu*al a^ar culture un^iiialh isolate 
from barley leaf, slio\vini( nutucrous scars markin^^ places of attachment e)f spores ( 
branched, contorted, distal pt)r1ion v'soo 

B —vSamc as . 1 , but shorter ami beamier several branches <500 
C.—Same as . 1 , but shouim^ approximately =;o coni lia attached in silu No 
the variation in si/e ot the spores from small subj^lobose iitm-septati* forms bor 
mostly on the proKitmd portion of the conidiophore to the larger, nian\ sc])t[' 
ellipsoidal specimens on the distal ])ortion • 500 

Da-d - Conidia produetal incornmeal agar culture, germinating in water Typic 
germination by the production of two polar germ tulies is represented in Da, h 
atypical germination by the producthm of three germ tubers in Dc In Db is illi 
trated also marked irregularity inseptation frecpicnt in c midia jirodnced on artilic 
media. '<^00. 

E.- Conidium ])rotluced on cornrneal agar showing position of liilum, thickness 
peripheral wall, and shape characteristic of spores produced on artificial med 
Xsoo 
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PLATE 20 

tlchti i niliospof i u w ni o noccf a v 

A --PorlKiii of plant of luhnunhloa rruMjalli allacktal hy JJ nionofctas^ showing 
presence of spots on leaf blades and of dilhised discoloration (»n basal sheaths /-V* 

H Portion of leaf blade of luhniodiloa itUMjallt attacked by // monotems showing 
variation in si/e of spots • 

Ca-1) - Group of eonidiopliores emerging fn^ni stoma of host, showing also niyceliuni 
ramifying in niesoplull as revealed in gl\cerine preparations stained with eosin. 
X 500 

l)a 11 Conidia from lichninchloa ousgalh collected at Port Washington, N. Y., 
vSeptember jo. k^jo, showing variation in sue, shape, and sejitation > 500 

Ha c Ctniidi.i lu hmothloa ou^qnlli germinating by the production of tw^o 
polar germ tubes ^ :;oo 



PLATE 21 

Helminihosponum monoceras 

A E.—Coiiidiophorcs of FI. monoceras arising from imbedded anastomosing my¬ 
celium, showing habit of growth, irregular ramifications and production of conidia 
in racemose arrangement. X500. Drawn from 20-day old culture on tap-water 
agar. 

F.—Outline of conidium from pure culture, showing attenuated regions in periph¬ 
eral wall at apex and at bas.il end. X500. 
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PLATE 22 

Helmtnlho'sporium halo(U\s 

A.—Portion of Di\tiihli\ spicdtu show^iij^ discolored a.rc<is on hkidcs and shcallis 
of leaves, due to attack bv // halodes \ 

Ike f.- Coiiidia produced on leaf of Diduhlis sptcaia in natural enyironment. >"500. 

—Conidiaof // hulode.s gernnnatinp; in nater. ( a h, conidia produced on host 
in natural environment. Ci, conidiuin produced on portion of diseased leaf after 
incubation in damp chambtT Germination tvpical in (V/, c. //, i by production of 
two polar germ tubes, atypical in ( 7 >, r. (/, /. q bv iiroduction of lateral germ tubes 
alone or in addition to polar germ tubes >'500 

Da-f —Conidia produced on diseased part of leaf of IJidi(hlis ipiLdia incubated 
in damp chamber \ soo 

Kii'-g Conidiophores of II hahdes: Ea e produced on liost tissue incubated in 
damp chamber, Ef q produced on host in natural environment /'soo 



rLATK 23 

Hchninthosporium halodcs 

A Cc>iii(lioj)horo of 11 halodis from Uip-water a^iir culture, 30 clays okl. showing 
scars marking points of attachment of conidia relatively close together 500. 

B. — iTuetification of //. halodes developed on 30-day old water-agar culture, show¬ 
ing compact racemose iirrangement of conidia. X500 

C. Conidiophore of II. halodes from 30 day old water-agar culture, showing branch¬ 
ing and relationship to attached conidia X500. 

D Irregtilarly curved spcjre developed on tap-water agar X500 

H.—Conidium produced on tap-water agar germinating typically by production 
of two polar germ tubes X500. 

¥ —Conidium produced oil tap-water agar, showing bifurcating apex. X500. 

O—Conidium produced on tap-water agar, illustrating attenuation of ijeripheral 
wall at apex and immediately adjacent to hilum X500. 

Hehrtinthosporium leucostylum 

Ha-e --Group of five conidioplcores of H. lencostylum emerging from stoma of 
Eleusine tndica. X500. 

la-d. -Group of four conidiophores of H. leuco stylum emerging from stoma of 
Eleminc indica. X 500 

Ja-r.--Conidia from leaf of Eleusine tndica showing variation in size, shape, and 
septation. X500. 

Ka-c —Conidia from leaf of Eleusine indica showing typical germination by the 
production of two polar germ tubes. X500. 
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Helmi n ihosp o n ii m tut cic u m 


A.—Leaf of sweet corn attacked by II iurctcuni, showing extensive dry areas bear¬ 
ing fructifications near the center, and surrounded by slightly discolored margin. 
Xjj. Drawn from material collected near Valley Stream, N. Y., September lO, 
1920 

lia-p.--Conidia of PL tiircicurn produced on leaves of sweet coni, showing varia¬ 
tion in size, shape, and septation. X500. 

Ca-g.—Conidiophores emerging in groups from stomata of sweet corn. X500. 



PI.ATK 25 

Helmintlioiporium iuicicum 


A.—Outline of conidium of If. turckum, showing attachment to conidiophore. 
X 50Q. h'roin material grown in 20-day old tap-water agar culture. 

Ba~Bg.—Conidia of //. turcicum developed in pure culture on ta})-water agar X 500. 

Bh i —Conidiophores from 20-day old tap-water agar culture, showing relation 
to mycelium. X500. 

C.—Outline of conidium from diseased corn leaf, showing relation of hiluni to basal 
segment. X 500. 

r 3 a-d.—Omidia genninating in water, either typically (D/>, c) by the production 
of two polar germ tubes; or atypically (Da, d) by the proliferation of a lateral germ 
tube in addition to one or two polar tubes. X500 
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PLATli: 26 

lli'lm inthosporium leersii 

A.— Portion of plant of Lcct sni vtKjtntoi attackefl by 11 Irersii showing foliar spots in 
various staj^c-sof (levolojnnent and resultant withering; of sueccssively younger leaves. 

1. Drawn frv)m material c >llectcd near Meriden, Conn., vSeptember 7. 1920. 

Ba 1 . - Conidiaof // hvmi produced on Lrrrsta rinjintea under natural conditions, 
showing variations in si/e, vShape, and septation. \'5oo 

C - Portion of leaf of. Lrefsw vinjiniai attacked by //. Iccfsii, showing foliar “eye 
spot” in detail X ,v 

Da-c —Conidia from dis<‘ased leaf of Lretsia virqimca germinating by the production 
of two polar germ tubes ^^500 

K - Ramifying system of short hyphal eUmients produced in lo-day old potato 
dextrose agar culture Ea, h re])resent stolon-like elements, by the elongation of 
winch the myeelium becomes more extensive. < soo 

Fa -b. -Conidiopliores of II Icrntt produced on leaf of Lrct^ia vtnjinica und<*r natural 
conditions. X500. 



PLATE 27 

Hclmtnlhosporium cpiodonli \ 

A.—Portion of plant of Cynodon daciylon attacked by Hclminthosponum cynodontis, 
showing withered condition of leaves bearing fructifications of fungus. X J4. Drawn 
from material collected at Wauchula, Fla., April ig, 1021. 

Ba-u.—Conidia from affected leaf of Cynodon dactylon, showing variation in size, 
shape, and septation. X500. 

Ca-i.—Conidia from leaf of i 'ynodon daciylon genninating in water, by production 
of two polar germ tubes. X ':oo, 

Da~g.—Conidiophores of PL cynodontis emerging singly or in pairs from stomata or 
between epidermal cells of ( ynodon daciylon. X ^00. 
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PLATE 23 

//cIminthosporium micropus 

A. —Yoimg plant of Paspaluni hoscianum attacked by H. micropus, showing distri¬ 
bution of affected regions and the withering of foliage caused by fungus. XK. 

B. —Leaf of young plant of Paspalum hoscianum attacked by H. micropus, showing 
several affected regions and distortion and withering of diseased foliar organ. XH- 

Ca-m. Conidi a from leaf of Paspalum hoscianum, showing variation in size, shape, 
and scptiition. X 500. 

l)a-c. -Conidia from leaf of Paspalum hoscianum germinating in water by produc¬ 
tion of two |X)lar genn tubes. X 500. 

Ka-g.- C(midiophores of H. muropus emerging in groups from stomata of Paspalum 
hoscianum. X500. 



PLATE 29 

Helminihosporium rostratum 

Aa~q.—Conidia of H. rostratum from dry leaves of Eragrostis major collected near 
Washington, D. C., October 13, 1921, showing variation in size, shape, and septation. 
X500- 

Ba-d.—Conidia from dry leaf of Eragrostis major germinating in tap water, the mature 
spores {Ba-<) by the production of two polar germ tubes; the newly proliferated Sfiore 
(Bd) by the production of two lateral germ tubes in addition to polar tubes. X500. 

Ca~h.—Qinidiophores showing origin in groups from an expanded base and relation 
of latter to stomata or epidermal cells. X 500. 
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PLATE 30 

Helminthosporium oryzae 

A —Panicle of rice attacked by If. oryzae, showing some spikelets partly covered 
with dark j^rowth composed of fructifications of the fungus. X i. 

13 —Leaf of rice showing numerous discolored spots resulting from inoculation with 
H oryzae X 

Ca-rn —Conidia of 11 oryzae produced on diseased floral parts. ('a~h, ver^’ large 
spores from well developed mats of fructification; CV./, h, /, w. conidia more typical 
in size from scattered fructifications. ( < 1 , e, conidia germinating typically by the 
production of two polar germ tubes; C'l. k, relatively immature conidia germinating 
atypically by production of lateral germ tubes from intermediate segments in addition 
to polar germ tubes N' £^oo 

1 ) —Conidiophores of // onzae from infected floral scale showing origin from stout 
prostrate hyphae. X =;oo. 



PLATE 31 

Ilelminihosporium oryzae 

Aa b. “Sxibhyaline conidia of H. oryzaeirom tap-water agar culture, 30 days old. 
X 500- 

B.—Gmidiophore from tap-water agar culture, 30 days old, showing relation to 
vegetative mycelium. X 500. 

Ca-e.—Conidia from potato-dextrose agar culture, 30 days old; Ca, conidium germ¬ 
inating typically by production of two jxilar genn tubes; ('b, c, Conidia showing 
subhyaline end and intermediate segments, Cc, Conidium with two subhyaline end 
cells; Cd, Conidium of uniform color without subhyaline segments. X 500. 

D. -Fructification and denuded conidiophores developed on potato dextrose agar, 
30 days after inoculation, showing relation of sporophores to vegetative hyphae, angle 
at which conidia are attached, and variation of the latter in shape, size, and septation. 
X 500. 


















PLATE 32 

Ilelminthosporium cyclops 

A.- Culture of IL cyrlop^s 011 Bcijeriiick’s agar, 20 daVvS after inoeiilatiou, slK)\ving 
subsplierical sclerotia itiibecldecl in substratum, discrete fructifications scattered 
sparingly over surface of sul)stratuni. llulTy mycelial growth near point where inocu¬ 
lum was ])lauted, and three compound fructifications in center. X 3/4. 

II —Compound cxinidial fructification on Heijerinck’s agar, showing origin from 
imbedded hyiihae at base iBc), .sterile tnusal jiortion (Bd), conidiophore more or less 
radially arranged (Be), and gnjwing apex (Ba) ivhere new conidiophores are proli¬ 
ferated (Bh). K 500 

Ca-m.—Conidia from leaves ed Dan than la .\picala, showing thick peripheral wall, 
consjiicuous hilum, and variation in si/e, shajie, and septation. X 500. 

Da b - Conidia from leaves of Danthonin spicata germinating in water by the pro¬ 
duction of twx) polar germ tulies x 500 

Ea c.--Conidiophores from leaf of Danthoma ipieata. X 500. 



PLATK 3.5 

Hclminlhosporium cyclo />> 

Mycelium, fructifications, and denuded sporophore of H. cyclops developed on Bei- 
jerinck’s agar and drawn 30 days after inoculation of substratum. X 500. 

Aa.—Conidiophore which, after producing many spores, has proliferated the distal 
sporophoric element A /) by a budding process similar to the proliferation of a conidium 
The distal sporophoric element has given rise to three spores, Aha^bc. 

B. —Conidiophore, the typical development of which has been replaced after the 
proliferation of two primary conidia Ba A, by the growth of the latter into sporophoric 
elements, on which were developed numbers of secondary conidia. Baa, Bha, etc , 
respectively. 

C. —Denuded conidiophore. 

D. —Conidiophore bearing three primary conidia, one of which (Da) has grown out 
into a sporophoric process bearing three secondary sporesDwa-ar; while another iDc) 
has given rise directly to a secondary conidium Dca by apical proliferation. 
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CONTROL OF SNOW MOLDING IN CONIFEROUS NUR¬ 
SERY STOCK» 

By C. P. K0S8TIAN * 

AUsociaU Silvicmliurisi, Aj^lackian Forsst ExpmmmU Station, Fottsi Sirvke, United 
States Departfnent of AgricuUure 

During the time that the Cottonwood Nursery of the United States 
Forest Service was in operation (1906-1921) very serious winter losses 
(rf Douglas hr {Pstudotsuga iaxifolia) seedlings and tran^lants occurred 
under the snow. Several other spedes were also injured, the extent of 
loss varying with the species, age class, and time of snow distqjpearanoe 
in the spring. All age classes of Nonvay sjxruce (Picea excdsa) were 
especially susceptible, while Engelmann spruce (Picea engefsMHNN) and 
the Pacific coast form of western yellow pme (P«nnf ponderosa) suffered 
only moderate injury, and lodgepole pine (Pinus contorta) was practically 
immune. 

The Cottonwood Nursery is situated 25 miks southeast of Salt Ifike 
Gty, Utah, on the Wasatch National Forest, at an elevation of 7,450 feet. 
Here the snow usually covers the ground continuously firom November 
I to May 10, lasting occasionally even until May 20 or 25. The maximam 
depth varies from 6 to 8 feet. Under this heavy blanket of mow the 
ground sddom freezes, and even where freezing has occurred in the 
autumn before the advent of permanent snow, the soil soon thaws out 
after the snow begins to accumulate. Invariably the injinry was 
greatest during years of heaviest snowfall and conseqiKut late mdiing 
m snow in the spring. 

Hartley, Pierce, and Hahn * studied this type of injury and found that 
it was caused by weakly parasitic fungi, attacking the leaves. They 
succeeded in isolating, by cultural methods, a number of organisms from 
recently snow-molded seedlings of Douglas fir, of which they mori 
strongly suspActed aaereo and a dark sterile mold, as yet unidenri- 

fied, as causing tite msease. These investigatmrs conducted jqiraying 
experiments with fungiodni, induding sul]&uric add, formaldehyde, 
zinc chloride, copper si^phate, copper acetate, and ammoniacal copper 
carbonate, none of whii^ gave promise of effectively controlling the 
disease. A lime-sulphtir mixture gave only very sligiitly bmefidal 
results. MtdclMSConristing of thin layers of sawdust, sterifia^ sand, and 
gravel gave no propilse^ At the begmning of riie present invesdgarion 
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tbe writer eubmittied diseued sp^mens to Br. Cart Httrtiey, wlio 
ivported that tbe oc^aniaais were evidently the same as thoise with wiriidi 
he had worlted. 

F(Hr several years the jwactice of sowing black sdl on the mow early hi 
the spring to hasten its melting was fc^owed by the nurserymen, but 
even with this practice the losses were still so heavy that the growing of. 
Douglas fir on a large scale at the Cottonwood Nursery was disc^tihued 
in 1916. 

Tabls I .—Pemntagt of injury by snovMnolding fungi in the sevoral species and age 

classes, spring tg igso 


Species. 

Age cIms. 

Deed. 

AUvebut 

inittred. 

Pic§a €ng$lmanni . 

I-O 

3 X -3 

0 


a-o 


0 


a-i 


0 



8 . X 

0 

Picta $xceba . 

a-o 

77.0 

0 


a-i. 

63-0 

33.3 



59-3 

0 

Ps§udotsuga taxifoUa . 

I-O 

6a. 9 

0 


a~o 

6a. 7 

0 

Pinus pondirosa . 

I-O 

93 *» 

6.8 


a-o 

Sa- 

44.7 


a-i 

IS-a 

13.3 

Pinus ponderosa scopulorum . 

I-o 

x 6.8 

»-S 


a-o 

7.8 

3-1 


3-1 

3 S 

15.8 


The extent of the injury by these fungi among the different species 
and age classes is riiown in Tables I and II, which are based upon counts 
of from several hundred to as many as 2,400 seedlings in eadi age class. 
It is recognized that a small loss occurr^ during &e summer seasons 
but it was found to be negligible in comparison wi& the loss due to snow 
molding. Table I and Plate i show the mudi greater suscqitibility of 
the exotic Norway spruce to the disease as compared witili that of the 
native Engehnann spruce. Table I shows quite dearly that the younger 
age classes, i-o and 2-0, suffer by far ffie greatest loss and injury. 
Table II fails to bring out this rdationship so dearly mainly because of 
the fact that a large part of the older age dasses of stock had been aban¬ 
doned, receiving no water or care of any kind during the summer of 1920. 
This left the stock in a weakened conditi(m and an easy prey for thA 
fungi. For example, 3-3 Engehnann ^ruce Shows (not in Tabte II) 
41.5 per cent of dead and injured trees as compared wiffi 3.4 per cent 
for the 3-2 stock and 7.1 per cent for the 3-1 stodc. The finrt age dass 
had been abandoned in 1920, while the latter two dasses of ^to^ were 
watered and otherwise properly cared for during 1920. It iriumld be 
noted, therefore, that among the older age classes, e^pedally transplants,' 
it is usually die weak or previoualy mjur^ trees that are IdUM or severdy 
injurM. It is not uncommon to find some of the leaves vigorous 
tran^lants infected when die snow mdts, but the devdopmeat of die 
fungi is checked as soon as the trees are exposed to the sunlijri^t, and 
complete recovery may follow. Jade pine (Pmus banksiana), however, 
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vras found to*be a notable exception. During the winter of 1919-1920 
a bed of some 300 vigmous 4->ycar-<dd jack pine transplants, 18 im^es 
tall, was conqiletely killed by the disease. Tables I and II clearly 
diow that the Paci& Coast form of western yellow pine {Pinus pon- 
demsa), grown from seed collected in central IdUiho, is much more sus¬ 
ceptible to the snow-molding fungi than the Rocky Mountain variety 
of &e same spedes (Pinus ponderosa scopulorum), grown from seed 
collected in the r^on near the nursery. 

Tabls II .—Percentage of injury by enow-molding fungi in the several species and age 

classes, spring of igei 


Species. 

Age class. 


IBI 

Picea engehnanni . . *.. 


Per cent. 

Per cent. 

3-0 

8.4 

13-3 


3-1 

0 . 8 

6.3 


3-2 

0 

3-4 

Picea excelsa . 

3-0 

80. 4 

II. 7 


3-3 

8a 3 

19. 6 

Picea parryana . 

3-0 

60. 2 

3a 8 


3-3 

30 

31-5 

Pseudotsuga taxifoUa . 

i-o 


6.9 


2-0 

16. 2 

19-3 


03-0 

2. 0 

S -4 

Pinus ponderosa . 

63-0 

31 - I 

30.4 

i-o 

II-S 

J’S 


3-0 

1 0 

83.0 


2~I 

37-2 

38.0 


2-2 

36. 8 

35 -^ 

Pinus ponderosa scopulorum . 

I-O 

aS 

1.6 


3 ^ 

4.5 

18.5 


2-1 

* 3-7 

26.8 

Pinus contoria . 

2-2 

6.3 

24. 7 

2-1 

0 

3-0 


2-2 

0 

zii 

Abies concolor . 

3-0 

22.1 

Pinus resinosa . 

2-1 

0 

15. 8 

Pinus strobus . 

2-1 

6a 2 

39. 8 

Lsibocedrus decurrens . 


4. X 
loa 0 

8.4 

0 

Thuja occidenialis ... 


Juniperus monosperma . 


xoo. 0 

0 


« Bed protected by fimmeeroik of a by 6 lumber. ^ Unprotected bed. 

Since most fungi will gain a foothold more readily at some previously 
injmed part of a plant, it seems quite probable that the fungous injury 
during &e winter of 1919-1920 was greatly increased as a result of the 
severe injury to the ends of the twigs by frost in the spring of 1919.* 

In the spring of 1918 the problem of working out an efficacious method 
of controlling the snow molding of coniferous nursery stock was taken 
up by the writer. Six 4 by 12 foot beds were sown to the same amounts 
of Douglas fir, the time and method of sowing and subsequent care 
throus^out the summ^ season being the same. Uniformly good stands 
were secured on all of the beds. The seed beds were covered with ^ade 
frames giving half shade during the hot, dry portion of the summer. 
In the autumn the ^ade frames were remov^ and just before the 

CtMcacc#. macTo»AiAniwwMOfKont>roNfounvKinAiioN»m wAaATOB 
MODNTAiKt Of UTAB. in Bool«>gy, V. 9 , p. 47*5*» 1 I 4 tmttt{c dudi p. la* 
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pennanent winter snow came, different treatments were applied to five 
of the beds, while the sixth was left untreated as a ccmtroL The object 
of these special treatments was mainly to afford mechanical pn>tection 
from the disease. The treatment which gave mudh the results 
consisted of a framework of 2 by 6 inch planks loosdy ifteeed widi a 
spacing of i to a inches upon logs or squared timbem limig lengthwise 
along ^e sides of the beds. This type of protective coveting, which was 
used on Bed 14, is shown in Plate 2, B. Two-inch lumbv was used, 
mainly because it was available. It is possible that one-inch lumber 
could be used, if it were adequately supported to hold the heavy mass of 
snow above the tops of the seedlings. As soon as the snow had melted 
sufficiently in the spring to permit, the framework was removed. It was 
placed on the bed each autunm before the advent of the heavy winter 
snowfall. 


Table III .—Survival of Douglas fir seedlings in beds receiving different treatments as 
indicated; sowing spring of igi8. 






Survival. 


B9d 

Na 

Date of cdunt. 

Total 

£ermiiia> 

tioa. 

Total. 

In per cent 
01 total 
germina* 
tion. 

Special treatment 










Pgf square 

Per square 






foot. 

/dot. 

Per cent. 



Oct. 

9.19*8 



81.8 



Sept 

29,X919 


8x 

64. 9 


xa 

z, x9ao 

126 

45 

35-7 

►None; control. 


Oct. 

6,1920 


49 

33-3 



IMay 

23 , 1931 

9 .19*8 


*4 

XX. X 



Oct. 


131 

8a 3 



Sept 

1^7 

99, 1919 


94 

14- 7 

Mulched with timothy hay 

n 

ly 1990 

163 

4 0 

0 

► winters of 19x8-19 and 19x9-20, 


Oct. 

6, X920 


0 

0 

1920-91. 


,May 

33 , 1931 

9,1918 


0 

0 



Oct. 


98 

76.6 

Framework of 2 by 6’s, 2 inches 
apart supported by timbers 


Sept 

Jt 3 y 

99, X9I9 


95 

74.2 


X, X990 

^ 198 

j 84 

60. 0 

► several inches above tops of 


Oct. 

6,1920 


84 

60. 0 

trees. Winters I9x8~x9, 1919- 


,May 

33,1931 

9,1918 


®4 

60. 0 

20, 1920-2 x. 


Oct. 


5B 

84. 0 


Swt 

July 

99,19x9 


94 

34-8 

Mulched with aspen leaves. 

^5 

I, Z920 

» 69 

13 

x8.8 

► Winters X918-19, X919-20, 


Oct. 

6, 1990 


13 

x8.8 

1920-91. 


May 

99,1991 

9,19x8 


g 

18.8 



Oct 


73-4 



Sept 

jMiy 

99, X919 


98 

35-4 

Covered with canvas throughout 

z6 < 

1, X990 

► 79 

3 

3-8 

► the winters of X918-19,19x9-20, 


Oct. 

6| 1920 


3 

3*8 

X920-21. 


May 

29 ,X92X 

9» ^918 


X 

1-3 



Oct. 


9^ 

71. 6 



Sept 

Jufy 

99, X919 


78 

58.9 

Mulched with sterilized sand. 


X, 1920 

► 134 

8 

6 .0 

► Winters of 19x8-19, xpxp-ao. 


Oct. 

6,1990 


8 

6.0 

I X990-9X. 

* 

May 

29 ,X92X 


5 

3-7 

J 

Framework, 2 by 6's, 


Oct. 

Z92O 

16s 

axxo 

66.6 

7 ' 

(May 

29 ,X99X 

a 100 

6 a 6 

Same as bed No. 14. 

9 ^ 

Oct. 

iMuy 

6,1920 
22,Z921 

149 

®93 

0 2$ 

65.4 

xo. 2 

^None; control. 
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Since this investigation was completed Coraefert ‘ has reported a 
somewhat different method whidi has given excellent results for several 
years in die protection of spruce nursery stock from Herpotrichia nigra. 
In the autumn peded poles lo to 15 cm. in diameter are placed between 
the rows of plants, so ^at the plants lean upon them when pressed down 
by the snow. In field planting each tree is placed so that it can be sup¬ 
ported by a rock a stump. 

Table III shows the original germination per square foot, survival on 
various dates, and the special treatment applied to each of the beds 
sown in 1918. The use of the protective framework of 2 by 6 inch 
planks was again checked during the winter d 1920-21 on Douglas fir 
seedlings originating from seed sown in the spring of 1920, the survival 
data for which is also included in Table III. The general appearance 
of the 3-0 beds oi the 1918 sowing are shown in Plate 2, A. From 
Table III it will be seen that the results are decidedly in favor of the 
plank framework (Bed 14 of the 1918 sowing and Bed 7 of the 1920 
sowing), which keeps the heavy mass of snow from mashing the seedlings 
down flat against the soil. Sufficient snow sifts through the intervening 
spaces between the 2 by 6’s to keep the soil moist during the winter. 
At the end of the third winter Bed 14 of the 1918 sowing showed an 
average survival <rf 84 seedlings per square foot, or 60 per cent of the 
original germination compared with ^e next highest survival of 14 
seedlings per square foot, or ii.i per cent of the original germination in 
Bed 12—Uie control bed to which no special treatment had been applied. 
During the winters of 1918-19 and 1919-20 the protected bed (No. 14) 
suffered losses of 2.4 per cent and 14.2 per cent and none at all during 
the succeeding winter, as compared with losses in the control bed (No. 12) 
during the three winters of 17.6, 28.5, and 22.2 per cent, respectively. 
Bed 7 of the 1920 sowing, which was given protection by the same type 
of framework covering as that described a^ve, suffered a loss of 6 per 
cent during the winter of 1920-21, as compared writh a loss of 49.2 per 
cent in the control bed during the same winter. 

It is evident from Table III and from general observaticms in the 
nursery that a mulch of organic matter stimulates the activities of the 
fungi by providing a suitable substratum on which they may develop. 
Contact with various kinds of organic matter, dead snow-molded plants, 
and a surface even with the soil predisposes to the disease. 

Chi May 25, 1921, the stock in Bed 14 (protected by framework) and in 
Bed 12 (control) was dug and graded with the result that 67 per cent of 
the stock from Bed 14 was suitable for transplanting, while oifly 34.4 per 
cent of the seedlings from Bed 12 was suitable. Even many of the firsts 
in the unprotected bed were infected with the snow-molding fungi, which 
{H'obably would ^sult in a heavier culling the following spring when the 
transplants were dug preparatory to field planting. The foliage was of a 
dull green color and numerous leaves were dead or partially killed. This 
lot of stodc had very few healthy buds, only 25.5 per cent, while the 
seedlings from the protected bed had 90.7 per cent of good terminal buds. 
In each case the bud scales of the unhealthy seedlmgs were loose and 
flaccid, giving the buds a withered appearance. Small bunches of each 
lot of stock were allowed to stand in the laboratory with the roots sub¬ 
merged in water for 10 days. Practically all of the buds on the seedlings 
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from the protected bed developed into normal grooving shoots, while those 
from the unprotected bed remained in a dormant conditi<m, apparentiy 
due to injury by these fungi. 

Table IV and Plate 3 show, the root, top, and terminal bud devdop- 
ment of Douglas fir seedlings grown three years in protected and unpro¬ 
tected seed beds. The trees from the unprotected bed had heavier 
roots and tops and a greater stem diameter. This is probably due to 
the fact that the stand of seedlings in the unprotected bira is much more 
open than in the protected bed, and consequently each plant has mcne 
growing space in which to devdop. At the same time none but the 
largest and most vigorous seedlings survived in the unprotected bed. 
On the other hand, the roots from the unprotected bed were heavier in 
proportion to the weight of the plant, the tops being correspondingly 
less. This is probably attributable to the fungous injury to the tops, 
which was unfavorable to their devdopment and whicn was much less 
pronounced in the protected beds. 

Tabls IV.— Root, top, and terminal bud development 


Bed. 

1 

i 

Averene 
leogu 
of topi. 

Avenge 
length 
of roots. 

Average 
w^iht 
ol tops. 

Avenge 
weight 
of roots. 

Ratio of 
weight 
of root 
to 

wdidit 
of entire 
plant. 

Avenge 
diameter 
of stem 
at root 
collar. 

Avenge 

ICMU 

terminal 

bud. 

Avenge 

width 

of 

Intmlnal 

btad. 


Inehts, 

Jnck$s, 

Gm. 

Gm. 

Ptreeni, 

lnek$s. 

Inekts, 

lnek$s. 

Protected secdlisgi 









, (Bed 14). 

6.03 

XX. 43 

X. 6 a 

e.46 

aa. X 

0.08 

0 .94 

a IX 

Unprotected seed- 





lingt (Bed xa). 

5 11 

X0.68 

X .78 

•15 

ao.6 

. xo 

.x 8 

.00 


The examination of fidd plantations revealed considerable fungous 
injtuy during the winter of 1919-1920, espedally among jack pine, 
Engdmann spruce and Norway spruce. The jack pine were practically 
all dead and ^e few living trees so severely injured that ultimate recovery 
was impossible. With Norway spruce and Engdmann spruce, the 
greatest injury from these fungi occurred on soils ridi in organic matto', 
die surface of whidh was covered with considerable plant litter. The 
underplanting of aspen (JPopulus tremuloides) stands with Engdmann 
spruce, Norway ^iruce, and Douglas fir has been accompanied by notable 
losses on areas on which the ground was covered with a deep layer of 
aspen leaves. The heaviest losses occur where the plants are bent over 
into intimate contact with the soil and litter which is the breeding ground 
of these weakly parasitic snow-molding fungi. Serious loss by molding 
under the snow can be prevented in spring plantings by removing the 
accumulation of leaf litter from an area of one or two square feet, in the 
center of which the hole for the tree is dug and also 1^ the use of large 
vigorous planting stock, which will stand erect dining leaf fall and 
through the wet snows ci the early winter and in tins way hold its leadtt* 
out of the zone of greatest danger. 

CONCLUSIONS 

The snow-molding fungi have caused a gmato’ loss of coniferous nurs- 
ety stock at the Cottonwood Nursoy than any other form of injury 
or disease. 
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Examinations showed that practically all age classes and species 
grown in this nursery, excepting lodgepole pine, are subject to this disease 
and that it is more prevalent among young seedlings (i-o and 2-0) than 
in the older age classes. Among older seedlings and transplants, the 
weak and previously injured trees are the ones generally attacked. 

The disease can be controlled effectively in the nursery by placing a 
protective framework over the bed so that the full weight of the snow 
does not lie heavily on the trees, and press them down flat on the ground. 
It is by far the best and most ^dent method of control whidi has been 
devdoped. 




PLATS 1 


A. —^Bcd <rf j-i Norway spruce as it appeared iu Jtme, 1920, about two weeks after 
the snow had disappeared, showing the very high mortality and large amount of injury 
due to auow-moldmg fungi. 

B. --Bed of Bi^elmann spruce as it appeared in June, 1020, about two weeks after 
the snow had d&raeared, lowing its relative freedom mm snow*molding injury, 
as compared with Norway spruce. 
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PLATE a 


A. —Beds la, 13, 14, 15, 16, and 17, 3-0 Douglas fir seedlings, as they appeared on 
May ay, igai, ao^t two weeks after we snow had disappeared. Bed 12 ^control) 
received no special treatment, Bed 13 was mulched with timothy hay, Bed 14 was 
protected with a plank framework, Bed 15 was mulched with aspen leaves, Bed 16 
was covered with canvas throughout the winter, Bed 17 was mulcned with sterilized 
sand each autumn. Note the very poor stand on the muldied beds and the good 
stand and fine appearance of the protected bed (No. 14), as compared with the control 
bed (No. la). 

B. —^The protective framework of 2 by 6's used on Bed 14, with a few of them removed 
from the front of the bed to show the 3-0 Douglas fir seedlings. Round logs may be 
used successfully instead of square timbers. 



VUTBj 

A. —'Healthy DcmeUia iir aeedlinga fxom Bed X 4 » protected fay fremeimk oC 

a by 6 |^ks, in which iktast was pracdcally no injury bom anow^tiMildhig ftmei. 

B. ->Thxee*ycar«old Botwlas hr seedlings fttm Bra xs» impfOtected» showiiig oil' 
healthy appearance due tolnjury firom snow-rnddlng fungi. 
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AN INFLUENCE OF MOISTURE ON BEAN WILT* 


. By I, 8 W 19 T. I, 80 NAKD * 

Astisiant Physiologist, Soil Bacteriology Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 

In 20 years’ experience with the inoculation of le^mes there have 
arisen oxdy two noticeable failures in field work which could not be 
attributed to soil or climatic conditions or to the lack of efficiency on 
the part of the culture involved. ITie first case occurred with cowpea, 
‘evidenced by normal growth in the plants from untreated seed and 
-sickly plants from the inoculated cowpeas. The other failure occurred 
in conjunction with the inoculation of navy bean, Phaseolus vulgaris, 
•on the farm of the Office of Forage Crop Investigations at Redfield, 
S. Dak., in 1920 and was brought to my attention by Messrs. R. A. 
Oakley and H. L. Westover of that office. In the latter case many 
•of the plants from beans which had been treated with a pure liquid 
culture, such as is distributed by the Department of Agriculture, died 
riuring the growing season, and the damage was sufficiently extensive 
to be rather noticeable in comparison with the rows of plants from the 
seed planted in the dry condition. It was estimated that 90 per cent 
of the crop was killed among the treated beans, whereas the loss was 
very slight among the plants which were uninoculated. A duplicate 
•experiment with two different cultures, made on different pieces of 
ground at Redfield in 1921, gave an average loss of 25 per cent, due 
to treatment witii liquid culture. 

The possibility that the bean legume organism assumes a definite 
pathological r 61 e was considered, but this theory has been completely 
discarded since the puljlication of the work of Miss Florence Hedges,* 
who isolated and described an entirely different organism as the cause 
of this disease. The material used % Miss Hedges was obtained at 
Redfield, S. Dak. 

The elimination of the possibility first mentioned led to the con¬ 
sideration of a second theory regarding the prevalence of the disease— 
that is, that some constituent of the medium employed to grow the 
culture of legume bacteria exercises a stimulating influence on the 
pathogenic organisms already in or on the seed. Miss Hedges found 
that ue causative oiv^ism of the disease in question was generally 
present in the seSds wmcfa were used in the experiment. 

EXPERIMENTAL PLAN 

Attempts made to reproduce this diseased condition by the appli- 
catkm of water and solutions containing the constituents of the media 
to beans whidi were planted on the Arlington Experimental Farm, 
Rossytai, Va., gave imsctically no definite results in one 3rear, despite 


<i1SS?&itotof€reditw&fticef»rftilcftityiiigoidof tbiffCxperiinaitifldttetoMr.H. L. Wcstow 
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Observations on the roots reve^d that nodules were quite generally 
absent and that their occasional occurrence seemed to be more closely 
connected to the presence of moisture in the soil than to the application: 
of inoculating material. 

CONCLUSION 

It is indicated that a slight application of moisture either in the form 
of water, certain culture media in the broth form or legume bacteria 
culture will cause a stimulation of the bean wilt disease under condi¬ 
tions such as obtain at Redfield, S. Dak. 

If the application of legume bacteria culture to beans is necessary, it is 
indicated that satisfactoi^'’ insults may be obtained by adding this mate¬ 
rial in the form of naturally or artificially inoculated soil in a dry condition 
at the rate of not less than 300 pounds per acre. If only a small amount 
of soil is available, it may 1% mixed with the seed and sovm with them. 

This stimulation of disease organisms is apparently not produced with 
similar treatment under the humid conditions and soils of the Arling¬ 
ton Farm, Rosslyn, Va. 





PLATE I 

A. —Plants in field showing symptoms of wilt beside a nonnal plant. 

B. —^A plant showing the early stages of complete destruction of life by the inroads 
of the wilt disease organism. 



Influence of Moisture on Bean Wilt 


Plate I 



Journal of Agricultural Research 


Washington, D. C. 













Influence of Moisture on Bean Wilt 



Journal of Agricultural Research 





PI.ATE s 

A. —Plant in which disease haa caused main shoot to wilt, but a sido ^oot is appar* 
ently unaffected. 

B. —completely destroyed bean plant ¥diich had formed pods. 

43823-23- 1 



PLATE 3 

A. —^A part of a tow of beaiia which were from seed planted 'dry. 

B. —^A part of a tow of beans fxom seed which had been txeati^ with Aidiby broth. 
White cloths indicate the location of wilted specimens. 
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THE PSEUDO-ANTAGONISM OF SODIUM AND CALCIUM 
IN DILUTE SOLUTIONS^ 

By H. S. Rbbd, Professor of Plant Physiology, and A. R. C. Haas, Assistant Professor 
of Plant Physiology, College of AgricnUure, University of California 

The effects of caldum and of sodium ions upon living organisms are 
so diverse that many physiologists have advanced the idea that these 
ions antagonize each other'at the sinface of the cell. Osterhout ( 6 ) * has 
suggested that antagonism depends upon the production of a union of 
NaQ and CaCl, with some constituent of the protoplami, and that the 
surface'may become saturated with the antagonizing salts. Below the 
saturation point it is claimed that the relative proportions of the salts 
will be of less importance than their total concentration. In other 
words, it is considered that no distinctly favorable ratios exist in solu¬ 
tions of low concentration. 

An attempt to demonstrate antagonism between Na and Ca in dilute 
solutions was made by Breazeale and Reed (7). The results of their 
inquiry showed an apparent antagonism existing in solutions containing 
230 parts per million of total solutes. At any rate, wheat plants made 
somewhat better growth in ratios of CaCl, and Nad in whidi Osterhout 
had found the greatest amount of antagonism than in other ratios. 

The large amounts of calcium found by Kelley and Cumm^ (5) in 
citrus plants, suggested the suitability of these plants as material for the 
further study of this problem. In the first experiment rough-lemon 
{Cit/rus limowia) seedlings were grown in solutions of NaCl and Cadj 
containing the following mixtures (the pure solutions each being 0.004M) 
looNaro Ca; o Na; 100 Ca. 

The distilled water used in experiments 1 and 2 was found to be cal¬ 
cium free as determined by evaporating 500 cc. of the water to a small 
volume and testing for calcium. 

Liter glass jars, each containing six seedlings, were filled with culture 
soluticHi on April 23. The seedlings were supported in paraffined-cork 
stoppers in sudi a way as to exclude foreign matter from the culture jars. 
The solutions were renewed on May 5, 13, 24, and June i. The cultures 
were grown out of doors under half diade (in a lath room about 3 feet 
his^ with sides of dieesedodi) in a south exposure. On June 7 the ex¬ 
periment was concluded. The seedlings were mom^tarily dipped into 
and well rinsed in distilled water in order to remove adhering solution 
and also to remove dust from the leaves. In preliminary experiments it 
had been found that 0.033 of dust had accumulated on 39 rou^- 
lemcm seedlings weighing 14.928 gm. green weight, 2.950 gm. dry weight, 
and aa33 9^. 

The seedlings were frted from adhering moisture by means of filter 
paper, and ^ green wns obttuned. The seedlings were dried to 

constant wciglit at 70* C. and were then ignited in a porc^n dish at low 
heat The (wts in the adi yiw extracted witl^ hot water and the residue 
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and the filters were then returned to the dish, dried, and ignited. The 
filtrate was added to the dish, evaporated to dryness and heated at low 
heat to constant weight in order to obtain the weight of ash. By means 
of dilute HCl, practically all of the ash was brought into solution, the 
residue being inappreciable. 

Tabi .8 I.— Rough-lemon seedlings grown 45 days tM solution cultures 


Ratio of Na and Ca in 
solution. 

Number 
of seed¬ 
lings 
analyzed. 

Composition calculated to a basis of xoo plants. 

Oreen 

weight. 

Dry 

weight. 

Gm, 

5.90 

6.83 

8.79 

Ash. 

Gm, 

0. 2781 

•3739 

• 5873 

Ca. 

Gm, 

0, 0105 

•0335 

• WS 9 

K. 

Gm, 

0. 0515 

• 

. 0609 

Na. 

100 Na:o Ca. 

98 Na:a Ca. 

0 Na:ioo Ca. 

48 

48 

49 

Gm. 
21.83 
a6.16 

38.9s 

Gm, 

0.0376 
. 0430 
.0194 


The results of the first experiment (Table I) show that better plsfiits 
were obtained in cultures containing cdcium; in fact, both green weight 
and dry wd^t increased where the amount of cddum was increased. 
In the pure NaO solution the root tips appeared stunted and brown in 
color. The sodium content of the plants was slightly greater in cultures 
containing 98 Na;2 Ca than in pure NaD solution. In this respect the 
results agree with those of Reed (7), though not in regard to the rdative 
dry wdght of plants produced. 

Experiment 2 was begun April 27 and conduded June 7. The 
solutions were renewed at the same time as were those in experiment i. 
Grapefruit (Citrus grandis) seedlings were used. 

Tablb II .—Grapefruit seedlings grown 42 days in solution cultures 


Ratio of Na and Ca in 
solution. 

Number 
of seed¬ 
lings 

analyzed. | 

Composition calculated to a basis of xoo plants* 

Green 

weight. 

A 

Ash. 

Ca. 

K. 

Na. 



Gm. 

Gm. 

Cm. 

Gm. 

Gm, 

Gm, 

xoo Na:o Ca. 

29 

36. 29 

8.34 

0. 4807 

0* 0x34 

0.0936 

0.0547 

98 Na:2 Ca. 

38 

29.62 

6.34 

.4084 

.ox6x 

.0850 

.0470 

0 Naiioo Ca. 

43 

36.20 

7.11 

•S* 9 S 

. 0646 

.0948 

• 0*35 


From the above table it appears that the 98 Na:2 Ca ratio had no 
superiority over the 100 Na:o Ca as measured by wdght of plants pro¬ 
duced. This apparent contradiction to the foregoing experiment may 
be due to the fact that many of the seedlings in the pure NaCl solution 
died and were removed. Such seedlin|^ were discarded, for it has been 
^own by Johnson (4) that absorption of ions may differ appredably in 
livmg and m dead cells. This left only the best plants in this lot; conse¬ 
quently we are dealing with what may be r^arded as an inherently 
superior lot of individi^s, while in the other cases we are dealing wim 
the entire population, weak and strong. 

In experiment 3, which w’as begun on May 4 and conduded on May 27, 
rough-lemon seec^gs were grown in solutions of NaQ and CaCl,. Ihis 
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experiment was concluded early in order to avoid the possible killing of 
root tips. Even by so doing many of the seedlings in the solution having 
a ratio of loo Na;o Ca had dead root tips and were, therdore, discarded. 

Table III.— Rough-lemon seedlings grown S3 days t* solution cultures 


Rfttio of Na and Ca in solution. 

Number of 
seedlings 
analyzed. 

Composition calculated to a basis of xoo plants. 

Green 

weight. 

Gm, 

23 * 47 
26.94 
a 4 S 6 

Dry 

weight. 

Ash. 

K. 

Na. 

100 Na:o Ca. 

98 Na:2 Ca. 

85 Na:i5 Ca. 

28 

40 

62 

Gtn, 

4.27 

4.64 

4.13 

Gftt* 

0.236 

• *73 

.263 

Gm. 

0. 04X4) 

• 0532 

.0446 j 

Gm. 

0. 0272 
. 022< 
•0157 


The results of this experiment are quite at variance with those of the 
preceding experiments. Here the differences in green weight and dry 
weight are so small as to be attributable to the inherent variability of the 
plants rather than to differences in the composition of the solutions. 

Three experiments were conducted with the same mixtures as in 
experiment 2, using 60 seedlings for each ratio. African sour-orange 
{Citrus aurantium), grapefruit (C. grandis), and St. Michael orange 
(C. sinensis) seedlings were used, the solutions being renewed at the end 
of two weeks. After four weeks had elapsed the experiments were dis¬ 
carded because the root tips of the seedlings in the solution with the 
ratio 100 Na:o Ca were dead. 

On June 25 rough-lemon seedlings were placed in mixtures similar to 
those in experiment 3. On July 8 the solutions were renewed and on 
July 9 the experiment was discarded. In the solution having the ratio 
100 Na:o Ca the root of nearly every seedling had become slimy and 
gelatinous and was dead for a considerable distance back from the root tip. 
The roots of the seedlings in the solutions having the ratios 98 Na:2 
and 85 Na:i5 Ca, respectively, were bright in appearance and although 
small had begun to develop lateral rootlets. 

The above experiments indicate that citrus seedlings can not survive 
many days in a solution of 230 parts per million NaCl (0.004 
Na:o Ca). One might be led to believe that ants^onism has occurred 
with the ratio 98 Na:2 Ca, since the seedlings are found to grow when a 
trace of calcium is present, whereas, in the solution with a 100 Na:o Ca 
ratio they are soon stunted and shortly afterward die. Experiment 4 
indicates, however, that this is an instance of calcium starvation rather 
than of NaG toxicity. It was found by analyses of culture solutions 
that citrus seedlings do not require a large concentration of calcium 
provided the supply is maintained. The usual methods of chemical 
analysis are not sufficiently delicate to detect significant absorption 
differences in the brief periocb required by the conductivity method of 
stud3ring permeability. 

Experiment 4 was carried on with St. Michael orange seedlings, which 
were placed in the culture jars on September 4. Each set of cultures 
consisted of 12 jars with 3 seedlings per jar in the first set and 2 seedlings 
per jar in the remainder. 

The first culture solution was that employed by Hos^land (j). The 
cultures were still growing on November i. The second set of cultmes 
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was grown in Hoagland’s nutrient solution in which the calcium had 
been replaced by potassium; 500 cc. of this solution was evaporated 
to a small volume and was then tested and found to be calcium-free. 
Within 3 days after the experiment was begun, the root tips of the seed¬ 
lings in the calcium-free cultures were becoming brown and failed to 
show any evidence of growth. After 7 to 10 days the root tips of most 
of the seedlings were becoming slimy and gelatinous. At the end of 2 
weeks most of the roots appeared to be dead. The full amount of cal¬ 
cium of Hoagland’s nutrient solution was then added in the form of 
calcium nitrate to six of the jars. Within a few days many of the seed¬ 
lings began to recover, although several of the seedlings in advanced 
stages of decomposition failed to respond to the addition of the calcium 
nitrate. 

In Plate i. A, B, are shown various stages in the progressive killing of 
the primary root, beginning with the root tip and proceeding toward the 
cotyledons. Plate i, B, shows some of the roots of Plate i. A, somewhat 
enlarged. (The material closely held by the roots is composed of small 
pieces of sphagnum from the germination box.) It will be seen that 
when calcium was added to the solution, laterals were developed, the 
lowermost lateral alwa3rs sharply separating the living from ^e dead 
portions of the primary root. Frequently in the absence of calcium the 
primary root was unable to grow. In such cases, when calcium was 
added, a lateral rootlet was produced immediately back of the root 
tip and this lateral then assumed the position of the primary root (Plate 
I, A, B). One of the most characteristic effects of a lack of calcium 
is the gelatinization of the surface layers of the root. This process is 
most active in the apical region of the root and progressively decreases 
in intensity toward the upper portion. As time goes on the gelatinization 
proceeds inward until finally the root becomes translucent. 

In the initial stages of this process of gelatinization, recovery is possible 
if a suitable amount of a calcium salt is added. The root then regains 
its firm white appearance and functions properly. In advanced stages 
of gelatinization recovery does not follow the addition of a calcium salt, 
althou^ new laterals may be produced from the upper .portion of the root. 
Herbst (2), Hansteen Oanner (j), and others have observed a similar 
gelatinization in other organisms in the absence of calcium and likewise 
have observed recovery when calcium salts were added. 

There is thus evidence that the stunted appearance of roots in pure 
NaCl solutions above discussed is not due to the toxicity of NaCl but 
to the lack of calcium. Further study of this factor was made in which 
more concentrated solutions of NaCl, having toxic properties, were used. 
Seedlings placed in Hoagland’s solution minus caldiun failed to devdop 
although it contained but 30 parts per milUon NaCl. They speedily 
recovered and grew when CaCl, was ^ded. Another series in cddum- 
fr^ Hoagland’s solution plus 1,000 parts per million NaG likewise 
failed to develop. When Cadj was added to this latter solution the 
plants made growth in iqjite of the amount of NaG present. 

It appears, therdore, that ^e harmful effect of 100 Na:o Ca in dilute 
solutions is not due to the lack of ions whidi antagonize the sodium, but 
rather to caldum starvatioii, and that the result is conspicuous in the 
case of a plant like dtrus which is extremely sensitive to <»ldum. ' In 
solutions containing only 0.004 NaG, it seems improper to speak of 
a twdc action upon the roots. (G. True, JL) 
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In the study of the antagonism of Na and Ca with citrus seedlings it 
seems impossible to utilize solutions as dilute as those commonly employed 
as nutrients on account of the starvation which results when the cal¬ 
cium is reduced to extremely low concentrations. In other words, the 
assumption that no distinctly favorable ratios exist in solutions of low 
concentration is supported. 

SUMMARY 

Citrus seedlings grovra in absence of calcium soon show injury to the 
root system, as evidenced by the gelatinization of the superfidd layers 
and the ultimate death of the root. The tops, however, may not show 
the effect for some time after the injury to the roots has become severe. 

If the injury has not progressed too far, the addition of calcium to 
cultures in which the roots are gelatinized induces the production of 
lateral rootlets the lowermost of which definitdy delimits the dead from 
the living portion of the root. 

The varieties of dtrus here studied are known to possess a marked 
capacity for the absorption of calcium ions. Hence in very dilute solu¬ 
tions the amounts present may be too far below the equihbrium point 
within the plant to avoid a condition of starvation. In such cases we 
are dealing with the phenomenon of starvation rather than that of 
antagonism. These experiments with dtrus seedlings have not demon¬ 
strated the existence of antagonism between sodium and caldum when 
the plants are grown in very dilute solutions. 
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PLATE X 

A. —Orange seedlings grown in calcium-free Hoagland*s solution. At the end of 
two weeks me full amount of calcium of Hoagland’s solution was added in the form 
of calcium nitrate. The point at which recovery occurred is seen on each root. 

B. —Showing tlie point of recovery of roots of orange seedlings (PI. i, A) when 
calcium is added to the solution after two weeks* expostue to calcium-free Hoagland*s 
solution. 
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INFLUENCE OF THE HYDROGEN-ION CONCENTRATION 
ON THE GROWTH AND FIXATION OF NITROGEN BY 
CULTURES OF A20T0BACTER ‘ 

By P. L. Gainst, Professor of Bacteriology, and H. W. Batcbslor, Laboratory Assist¬ 
ant in Bacteriology, Kansas Agricultural Experiment Station 

Investigations in this laboratory have shovm that the presence or 
absence of Azotobacter in natural soils is very closely associated with, if 
not dependent upon, the absolute reaction of the soil solution {4).* It 
has also been shown that in the laboratory the presence of this group of 
organisms in a seal can be controlled by var3dng the hydrogen-ion con¬ 
centration of the soil (5). 

In connection with these investigations it seemed desirable to study 
the influence of the hydrogen-ion concentration of laboratory culture 
media upon the growth and nitrogen fixing ability of pure cultures of 
Azotobacter.* 

In their original investigations on Azotobacter, Beijerinck and Van 
Delden (r) failed to secure appreciable fixation of nitrogen by pure 
cultures. On the other hand, Lipman (6) experienced no diflficulty in 
securing marked fixation by pure cultures, and he presents data to show 
that the ability of pure cultures to fix nitrogen in the media usually 
employed for their culture depended upon She neutralization of the 
acidity arising from the potassium phosphate present. Lipman further 
demonstrated that, quantitatively, the nitrogen fixed by pure cultures 
was inversely proportional to the titratable acidity of the media, and 
called attention to the probability that Beijerinck’s fdlure to secure 
nitrogen fixation was due to the unfavorable reaction of the medium 
employed. Since Lipman’s work appeared, it has been universally ac¬ 
cepted that these organizations will not function in a high concentra¬ 
tion of acid. 

With regard to the effect of different degrees of acidity, or hydrogen-ion 
concentrations, upon the growth of pure cultures of this group of organ¬ 
isms little information has been published. Fred (5) observed the growth 
of two different cultures in a medium of varying hydrogen-ion concentra¬ 
tions and noted no growth at Ph 6.4 to 6.6, while growth occurred at 
Ph 6.6 to 6.8. On Ae other hand, when grown in a medium of Ph 7.2 
the final hydrogen-ion concentration was found to be Ph 5 • i. As already 
mentioned, previous investigations in this laboratory in^cated that the 
hydrogen-ion concentration of the soil solution is the major factor in 
controlling the presence of this group of organisms in soils. Also, that 
the maximum concentration of hydrogen ions tolerated by this group of 


^ Accepted lor publleatlon Oct. i 6 « 19*3* Cdntribution No. 50* Depaitmetit of Bacteriology, Kansas 
Agriculture Exp^ment Station. 

* Kdference is made by mtttber (italic) to ** Utemture cited,** p. 7^7- 

’The term '‘pure culture” is here used in a restricted sense. OwiM to the extreme morpholoaical 
variations exhimted by this droup of oraanisms it is Irequehtly very difficult to ascertiun with certainty 
the purity of a given cultnie. All cultures used in these experiments conformed to the description given 
in the text of this paper. 
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organisms appear to be very close to Ph 5.9 to 6.0. It seemed of interest, 
therefore, to ascertain the effect of varying the hydrogen-ion concentra¬ 
tion of laboratory media upon the activity of a number of strains of 
Azotobacter. 

METHODS EMPLOYED 

Crude cultures of Azotobacter were prepared from a number of soils 
by inoculating a mannite or dextrose cultural solution and incubating 
until a characteristic Azotobacter film developed. Portions of these 
films were then streaked upon mannite or dextrose agar and the streaking 
process repeated from isolated colonies until all colonies developing 
were similar and yielded, when stained, only t3rpical Azotobacter cells. 
No effort was made to identify the various cultures. 

The medium employed had the following composition: Monobasic 
potassium phosphate, 0.2 or 5.0gm.; magnesium sulphate, 0.2 gm.; sodium 
chlorid, 0.5 gm.; ferric chlorid, 2 drops of a 10 per cent solution; dextrose 
or mannite, 20.0 gm.; distilled water 1,000 cc. Flasks of this medium, 
slightly alk^ine to brom-thymol-blue, were inoculated from an agar streak 
culture and aerated vigorously at 28° C. until heavily clouded (two to 
four days). The cultures were again stained and examined, and all flasks 
showing morf^ological forms other than typical Azotobacter were dis¬ 
carded. One to five per cent of such a culture was used as an inoculum. 

The quantity of sterile media necessary to set up an experiment was 
prepared and inoculated. Fifty cubic centimeter quantities were 
measured aseptically into carefully washed sterile 300 cc. Erlenmeyer 
flasks. The quantity of NaOH or HCl necessary to adjust the 50 cc. 
of media to approximately the desired reaction was determined and this 
quantity, previously sterilized, was carefully added to four flasks. The 
hydrogen-ion concentration of the contents of one of these flasks was im¬ 
mediately determined and recorded as the initial reaction. Hydrogen-ion 
determinations were made colorimetrically, a control being occasionally 
rtm electrometrically. A small quantity of formaldehyde was added to 
a second flask to act as a control with which to compare growth and 
nitrogen fixation. The remaining two cultures were incubated at 28° C. 
for two weeks. The quantity of acid or alkali required to produce a given 
change in reaction varied only slightly from time to time. 

In the earlier experiments, where only 0.02 per-cent KHjPO^ was 
used, the buffer index was very low and necessitated the use of very 
dilute (N/80) NaOH in adjusting the reaction. Where 0.5 per cent 
KHjPO^ was used (experiments 16 to 20 inclusive) the buffer index 
was mudi higher, requiring approximately ten times as much acid or 
alkali to produce a given change in reaction, and N/io NaOH was used 
to ccarect the reaction. 

During incubation the cultures were examined at frequent intervale 
and the presence or absence of growth recorded. The formalddiyde 
produced a slight diange in the physical appearance of the medium in 
the control flasks and rendered it somewhat difficult to detect very 
slight changes in the appearance of cultures. Where it was impossible 
to determine definitely whether growth had taken place it has been 
indicated in Tables I and IV with a question mark. 

After two weeks’ incubation a final examination for growth was made, 
the hydrogen-ion concentration of the cultures recorded, and the total 
nitrog^ presort determined by the Kjddahl method. The quantity of 
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nitrogen in the control flasks and in the cultures where no growth was 
visible was very small and, as will be observed in Table II, the experi¬ 
mental error for the controls was large. In examining the data relative 
to the quantity of nitrogen fixed this experimental error must be taken 
into consideration, otherwise erroneous conclusions are likely to be drawn. 
In the data recorded in Tables II and IV the quantity of nitrogen 
present in controls has been deducted from that present in the inoculated 
flasks and only the net gain recorded. Nitrogen determinations were 
made on at least four control flasks to determine the probable error 
where only small quantities of nitrogen were present. 

INFLUENCE OP reaction UPON GROWTH 

a 

In Table I data are recorded relative to the influence of the hydrogen- 
ion concentration of the culture medium upon the growth of several 
strains of Azotobacter. A study of these data will show that the maxi¬ 
mum acidity permitting appreciable growth to take place is very close to 
Ph 5.9. There is only one instance where definite growth is recorded in 
a higher degree of acidity (experiment 15, Ph 5-8) and the duplicate 
of this culture failed to show growth. Another strain, 12-323-6, not 
cultured at Ph 5.9 in the experiment here recorded grew at Ph 5.9 in 
an unrecorded experiment. All cultures showed some growth at Ph 
5.9-6.0. The amount of growth that took place at Ph 5.9 was in most 
instances very slight, and growth increased as the acidity decreased 
until Ph 6.1 to 6.3 was reached. At this reaction grow^ appeared 
in most instances to be as vigorous as at lower hydrogen-ion concen¬ 
trations. Cultures 407-5 and 449 did not grow as abundantly as did the 
other cultures, even when the reaction was favorable. These two cul¬ 
tures fdled to produce a surface film, and when growth is compared with 
nitrogen fixation it will be noted that they also fixed small quantities of 
mtrogen. 




Tablb I. The influence of the hydrogen-ion concentration of culture media upon the growth of Aeotobaeter 
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GES IN REACTION PRODUCED 



* Mc^ oofttalniiig 0.03 per cent KH1PO4 required oidy 0.006 cc. N/i NeOH per xoo cc. to chance the Pb o.x. 
^Hedia containing e.50 per cent KHtPOi required 0.05 cc. N/x NaOH per xoo cc. to change the Pa o.x. 
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These results led to the conclusion that no satisfactory data as to 
changes in reaction could be secured in a medium so poorly buffered. 
The quantity of KH^PO^ was accordingly increased to 0.5 per cent. 
Higher concentrations of phosphate were sometimes found to be toxic. 
This increase in phosphate increased the buffer effect approximately 
ten times, the media containing 0.5 per cent requiring 0.05 cc. N/i 
NaOH to effect a change of o.i Ph in 100 cc. 'Rie-buffer effect was 
still low, but an examination of experiments 16 to 20 will show that 
changes in Ph produced by the growth of the various cultures were 
practically eliminated. If acid or basic metabolic by-products are pro¬ 
duced under these experimental conditions the quantities are inap¬ 
preciable. 

Fred (3) recorded a change in Ph from 7.2 to 5.1. The media em¬ 
ployed by him, however, contained only 0.02 per cent phosphate, and 
the actual quantity of acid necessary to produce the recorded change 
in Ph was probably very small. Stoklasa (7) recorded the produc¬ 
tion of as high as 3.3 cc. N/i acid per 100 cc. media. This quantity 
would have produced very marked changes in the Ph of our media. 
However, the piuity of Stoklasa’s cultures has been questioned by 
Bonazzi (2). 

In Table TV are recorded in parallel colunms the initial reaction, 
growth, final reaction, and milligrams of nitrogen fixed for four experi¬ 
ments. This table is included in order that these various factors may 
be compared one with the other without the necessity of e xamining 
several tables. In figure i the influence of the reaction on nitrogen 
fixation is shown graphically. 



Ff(». I .—Effect of hydrogen-ion coneentmtion on nitrog^ fixation. 





Tabi^B IV .—Comparison of initial reaction, growth, final reaction, and nitrogen fixed by four cultures of Asotobacter 
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SUMMARY 

The data presented in this paper point very definitely to a limiting 
hydrogen-ion concentration of Ph 5.9 to 6.0 for the various cultures of 
Azotobacter employed when grown under the conditions of these experi¬ 
ments. Vigorous growth and nitrogen fixation took place at Ph 6.1 to 
6.5, the optimum Ph for nitrogen fixation apparently being somewhat 
higher than the optimum for growth. Very slight, if any, changes in 
the reaction of the media are produced by the growth of the various 
strains of Azotobacter studied, indicating the production of inappreciable 
quantities of acid or basic metabolic by-products. 

The data for pure cultures here presented agree very closely with our 
findings in soil and tend to substantiate former conclusions that this 
group of organisms will not exist and function in soils, the hydrogen-ion 
concentration of which is greater than Ph 5.9 to 6.0. 
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SUNFLOWER INVESTIGATIONS' 

By Ray E. Neidig, Chemist, and Robert S. Snyder, Associate Chemist, Idaho Agru 
cultural Experiment Station, University of Idaho 

INTRODUCTION 

The value of sunflowers for a silage crop in the Pacific Northwest has 
become quite well established. Their resistance to drought and early 
frosts, and the fact that they yield a large tonnage of green material per 
acre, justify a more complete knowledge of the proper spacing of plants 
in the row and the best stage of cutting the plant for silage purposes. 
With these facts in mind, an investigation was planned which would 
yield data on the proper method of planting and the proper time of 
harvesting. 

The composition of the sunflower plants was first studied when har¬ 
vested at various stages during growth, and when grown under two differ¬ 
ent spacings, namely, 4 to 8 inches, and 36 inches, apart in the row. The 
sunflower plants grown under the two systems of planting were com¬ 
pared for the percentages of leaves, stalks, stems, and flowers, and analyses 
were made of composite samples of each of these plant parts. Not only 
was the composition of the sunflowers determined in these two systems of 
planting and at various stages of maturity, but also the composition of 
the silage made from the sunflowers cut at each of these stages of maturity 
and from each of the two different spacings of plants in the row. 

PREVIOUS WORK 

Shaw and Wright,* of the United States Department of Agriculture, 
published data on the composition of sunflowers grown at the Dairy 
Division Experiment Farm at Beltsville, Md. Their investigation in¬ 
cluded the composition of sunflowers cut at seven different stages of 
maturity. 

Blish,* of the Montana Experiment Station, has recently published 
data on the effect on the composition and quality of silage of cutting sun^ 
flowers at different stages of growth. All results showed that silage of 
good quality resulted from sunflowers cut at the different stages of 
maturity selected by him. The problems, then, that present themselves 
in Idaho are; First, what is the most favorable stage of maturity for 
harvesting the sunflowers for silage purposes, and, second, what is the 
proper distance apart of planting in order tJiat the maximum feeding value 
may be secured ? 

EXPERIMENTAL WORK 

The sunflowers used in this investigation were grown at the Idaho State 
Experiment Station at Moscow, Idaho, in the summer of 1920, by officials 
of the agronomy department, who kindly allowed us to sample the 


^ Accepted for publication Oct x6, 1922 . 
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sunflowers at all stages of maturity. Additional work on the 1921 crop 
of sunflowers is included later in this paper. 

The plants were grown from seed of the Giant Russian variety on 
Palouse silt loam soil. The plants grew luxuriantly, many of the largest 
of them reaching a height of from 10 to 12 feet. 

stages oe maturity selected 

In selecting the proper stages at which to sample the sunflowers consid¬ 
erable difficulty was encountered in choosing definite stages of growth, 
since the sunflower plant does not offer any definite and sharply defined 
differences at any time during its growth. After due consideration, 
the stages were arbitrarily chosen in terms of budding and flowering in 
the early period of growth and, later dn, of the degree of hardne^ of the 
seeds in the main or top flower. Five stages were selected, as follows: 
First, when the first bud was appearing on Ihe top of the plant; second, 
wh^n the first flower was about 3 inches in diameter but no seed had 
developed; third, just before the seeds of the first flower were in the 
dough stage; fourdi, when the seeds of the first flower were well into the 
dough stage and the rays were just beginning to fall; fifth, when the 
seeds of the first flower were quite hard and its rays had fallen. 

method of sampunG 

Representative samples were secured by collecting a number of plants 
of uniform development and weighing and measuring each plant; the 
average was then recorded. Composite samples of sufficient size were 
madi^ by cutting in a small silage cutter the constituent plants and 
the^ ^nixing thorou^ly. A portion of each sample was dried in an elec¬ 
tric ov^n to secure the percentage of moisture. A second portion was 
air drieff and reserved for the approximate analysis. The remaining 
portion was used for making silage. For this purpose quart milk bottles 
were tightly .filled and each stoppered with a rubber stopper containing a 
bentgl^^ tube which had its outlet in a beaker of mercury. This ar- 
raiigeinerit flowed the fermentation gases to escape but prevented air 
from jfajning access to the silage. This procedure was found to be very 
satisfactory ^d in every case resulted in a good quality of silage. 

' [ DIFFERENT SPACINGS OF PLANTS 

Tn the feariy 'stages of growth, when the plants were about 6 inches 
high, the plants were thinned in order to secure data on the yield and 
composition of sunflowers when grown at various distances apart in the 
row.- ,, , , , , 

. In.prdiei: to secure,chemical dRta, ,two distances apart were cho^, 
which,, i;epresented nearly possible ,the ejd^femes , of planting 
and aJw the two extreme types of sunflowers.* The two types selected 
were plants grown 36 indies apart and plants grown from 4 to 8 inches 
ai>art.' The fonnei: system resulted in plants, irith ah abundance of 
le^v^ ^d flowers on one large stalk, while the latter resulted in rather 
tall, ^indly sthUcs with much sthaUd* leav^ and flowers.. The data on 
^e ccmposition of sunflowers and simflower silage are g?yen in Table I. 

A plants intermediate between 4 inches to 8 inches and 36 inches were not include4(i]| 

tm mvestisation. as the analytical work would hasre been enormously increased^ and it was not certain 
that the results would show differences sufficient to warrant the additional analyses. 



Table I .—Composition of sunflowers and sunflower silage {iQ2o) 
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DISCUSSION OF THE COMPOSITION OF SUNFLOWERS 

In studying the results on the five stages of maturity, consideration 
must be given to the general trend of results rather than to slight differ¬ 
ences which may occur at the different stages of growth, for the reason 
that it is extremely difficult to secure uniform samples. All percentages 
are based on the original weight of the plant, and were found by analysis 
of the anhydrous material. 

DRY material 

In comparing the sunflower plants cut at different stages of maturity 
in the 4 to 8 inch spacing and the 36-inch spacing, there is seen very little 
difference in percentage of dry material, the 36-inch spacing showing 
only a slightly higher percentage of dry material over the 4 to 8 
inch spacing. The plants in the 36-inch spacing show a more gradual 
increase in dry material throughout the five stages of maturity than the 
plants in the 4 to 8 inch spacing. The fifth stage of maturity of the 
sunflowers represents the stage of growth that was siloed in the large 
experiment station silos. 

^ PROTEIN 


Protein is consistently higher in all the stages of maturity when the 
plants were spaced 36 inches apart than when they were spaced from 
4 to 8 inches. The first two stages of maturity of the 36-inch spacings 
were considerably higher in protein than the first two stages of the 4 to 8 
inch spacings. In the last three stages, the advantage of high protein 
remains wiA the 36-inch spacings, but &e differences in the percentage 
of protein in the two spacings were not so marked as they were in the 

first two stages. 

* CRUDE FIBER 


Contrary to the general belief, it is seen that the crude fiber content of 
the sunflowers in both systems of plantings is not greater at the latter 
two stages than at the earlier stages of maturity. In fact, this table 
shows that the crude fiber is slightly less at the latter stage of maturity 
than at the earliest stage analyzed. The 36-inch spacings have less 
crude fiber than the 4 to 8 inch spacings. From the results it appears 
that the percentage of crude fiber does not increase until near the end 
of the growing period of the sunflower, when the seeds are matured 
and the stalk and leaves are dead. At this stage the percentage of moist¬ 
ure has decreased, the stalk has become hard and woody, and many 
leaves have fallen, thus increasing the crude fiber and materially 
lessening the feeding value of the sunflowers. 


ether extract 

No uniformity seems to exist in the relation of the ether extract in the 
two different systems of spacings at the different stages of maturity. 
In general, the 36-inch spaced plants show a larger percentage of ether 
extract than the 4 to 8 inch spaced plants. Sunflowers when planted 
closely together produce much smaller flowers, which do not always 
mature, hence the ether extract is less in amount. Plants spaced far 
apart not only produce larger flowers but in many cases more mature ones 
containing a considerable quantity of Seed, which in turn contain a 
large amount of oil, thereby increasing the percentage of ether extract. 

COMPOSITION OF LEAVES, STALKS, AND FLOWERS 

The composition of leaves, stalks, and flowers was also determined. 
The results are given in Table II. 




Table II .—Composition of sunflower leaves, stalks, and stems {1920) 
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Part of the plant ana¬ 
lyzed. 

Leaves. 

Do. 

Stalk and stems. 

Do. 

Leaves. 

Do. 

Flowers. 

Do. 

Stalk and stems. 

Do. 

Leaves. 

Do. 

Flower. 

Do. 

Stalk and stems. 
Do. 

Leaves. 

Do. 

Flower. 

Do. 

Stalk and stems. 
Do. 

Leaves. 

Do. 

Flower. 

Do. 

Stalk and stems. 
Do. 

Ash. 

•^*00 »O 00 t^O^t^*OMvOQ 0 « w fOOO roOppONW 

^00 OOO'O'tM Om oo 

. w ei d 06 d dvod ododdMoododdd ddodr^Mod dciNOr^wod 
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0, 
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extract. 
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Ether 
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•1 

1 

Budding . 

Do . 

Do . 

Do . 

First fiower in blossom. 

Do . 

Do . 

Do . 

Do . 

Do . 

Seeds not quite in the dough stage 

Do . 

Do . 

Do . 

Do . 

Do . 

First flower seeds well into the 

dough stage . 

Do . 

Do . 

Do . 

Do . 

Do . 

First flower seeds well beyond 

the dough stage . 

Do . 

Do . 

Do .. 

Do . 

Do . 
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Table II is presented with a view of showing the distribution of the 
food nutrients in the leaves, flowers, and stal&. The table is largely 
self-explanatory, but a few significant facts will be discussed. The largpt 
protein percentage content of the plant is found in the leaves. The 
flowers r^tk second and the stalks contain the smallest proportion. 

When the different stages of njatiaity are compared in the two systems 
of spacing, it is seen that the percentage of protein in the leaves is quite 
constant throughout the various stages of growth. The 36-inch spaced 
plants showed a slightly higher percentaj^ of protein in the leaves at the 
final stage of maturity as compared with the plants of 4 to 8-inch 
spacing. The percentage of protein found in the stalks and stems is the 
reverse of that found in the leaves when the two spacings are compared, 
while the pe’centage of protein in the flowers of both systems of plants 
is quite uniform. In the percentage of ether extract the flowers rank 
first, the leaves second, and the stalks the last in amount. The per¬ 
centage of crude fiber is greatest in the stalks and stems and least in 
the leaves. The flowers contain an amount intermediate between the 
leaves and stalks, and as the flowers mature they show an increase in 
amount of crude fiber. 


TABt,B III .—Percentage of leaves, stalks, and flowers (1920) 


Stage of growth. 

Height. 

Average 
weight of 
plants. 

Distance 
apart in 
rows. 

Flower. 

Leaves. 

Stalk 

and 

sterna 

Dudding,.. 

Ft. in. 

8 3 

9 8 
zz a 
zo s 

8 4 
xo 0 

8 4 

zo 0 

8 6 

8 9 

Lbs. 09 . 
zo za 

3 *5 
xa 0 

5 la 

7 7 

6 X4 

7 * 

S xK 
X4 8 

3 *3 

Inches. 

36 
4to 8 
36 
4to8 
36 
4to8 
38 

4 to 8 
36 

4 to8 

Per cent. 

Per cent. 

9S.t 
99.9 
8S.O 
18.0 
X9.3 
X9. z 

13.0 

14.7 

17. a 
14.0 

Per cent, 
76.9 

77.8 

67.9 

70.6 
67.* 

60. 7 
67.6 

63.8 
6a. 9 

Do. 


1st flower in blossom. 

Do. 

Seeds not quite in the dough stage. 

Do..... 

zst flower seeds well into dough stage. 

Do. 

zst flower seeds well beyond the dough stage 
Do. 

7.8 
XI. 4 
XS-S 
13.6 
36.3 
X7. 7 
29.0 
»3.8 


SUNFLOWER PLANT PERCENTAGE OP LEAVES, STALKS, AND FLOWERS 

Table III is inserted to show the percentage of leaves, stalks, and 
flowers. Since the analyses of these different parts showed such widely 
different amounts of food nutrients, this table was introduced to show 
whether the two systems of plantings resulted in a different percentage 
of leaves, stalks, and flowers. A study of Table III indicates that under 
these two systems of plantings no consistent variations were noted in the 
ratios of leaves, stalks, and flowers. The percentage of leaves and stalks 
decreased throughout the growing period, while tike percentage of flowers 
increased; this was true in both S3^teihs of plantings. The actual per¬ 
centage of flowers, leaves, and stalks remain quite uniform throughout 
the various stages of maturity in sunflower plants which are grown at 
the two extreme distances in ^e row—namely, 4 to 8 and 36 indies. 
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Tabls IV .—AddHy of stmfloioor silage (igzo) 


Staffe of growth. 

Distance 
apart 
in rows. 

Moisture. 

Acids in loo gm. silage 
juice. 

1 

Total 

Nonvola¬ 
tile acids. 

Volatile 

acids. 

adds. 


Inches, 

Per cent. 

Gw, 

Gw, 

Gw, 

Budding. 


86.0 

2. 024 

0.383 

2. 406 

4 to 8 

86.35 

2 . 616 

• 558 

3- 174 

First flower in blossom. 

36 

85.0 

2. 200 

.566 

2, 766 

Do. 

4to8 

83.0 

2. 640 

• 653 

3- 293 

Seeds not quite in dough stage.... 

36 

83.5 

I. 896 

•509 

2. 405 

' Do. 

4 to 8 

82. 7 

2. 740 

. 600 

3- 340 

First flower seeds well in dough stage 

36 

81.7 

2. 648 

. 728 

3-376 

Do. 

4 to8 

84. z 

2.376 

• 613 

3.989 

First flower seeds well, beyond 
dough stage. 

36 

80.6 

*• 536 

. 700 

3.236 

Do. 

4 to 8 

83.9 

3.000 

1 

.623 

3.6*3 



Dis¬ 

tance 

Mois¬ 

ture. 

Adds in loo gm. 
wet silage. 

Total 

ndds. 

Adds in xoo gm. 
anhydrous silage. 

Total 

adds. 

Stage of growth. 

apart 

in 

rows. 

Non- 

vda- 

tile. 

VoU- 

Ule. 

Non¬ 

vola¬ 

tile. 

Vola¬ 

tile. 


Inches, 

Per cent. 

Gm, 

Gm, 

Gm, 

Cm. 

Gm. 

Gm. 

Budding. 

36 

86.0 

X. 741 

0. 329 

2. 070 

10, 69 

2. 020 

12, 71 


4 to 8 

86.35 

2. 260 

. 482 

2. 742 

14. 30 

3-049 

I7‘35 

First flower in blossom 

36 

85.0 

I. 870 

.481 

*•351 

10.68 

2.747 

13* 43 

Do. 

4 to 8 

83. 0 

2. 191 

•■542 

3- 733 

10. 70 

3.646 

13-35 

Seeds not quite in 









dough stage. 

36 

83 5 

1-585 

•42$ 

2.010 

8.09 

2. 170 

10. 26 

Do. 

4 to 8 

83.7 

2. 267 

.496 

2. 763 

xa84 

2- 372 

13.31 

First flower seeds 



well in dough stage. 

36 

81.7 

2. 162 

1 

3- 757 

9.71 

2. 657 

12.37 

Do. 

4 to 8 

84.1 

2. 000 

2. 516 

10. 59 

2.730 

13- 33 

First flower seeds well 




beyond dough stage 

36 

80.6 

2.045 

-564 

2.609 

8-53 

2- 350 

zo. 88 

Do. 

4 to 8 

83.9 

2, 518 

• 523 

3.041 

13.10 

1 2. 723 

IS- ^3 


ACIDITY OF SUNFDOWER SILAGE 

Table IV shows that there is more acidity formed when sunflowers 
are siloed in the later stages of growth than when siloed in the earlier 
stag^. This fact is different in corn silage, since immature com always 
produces more acidity than com siloed at a mature stage. The to^ 
amounts of acidity, however, found in these samples of sunflower silage 
easily fall within the amounts usually found in good sunflower silage. 
It must be remembered that kind of adds present is more of a criterion 
of good silage than quantity of adds. All silage samples made at the 
different st^es of growth were dassed as good samples when addity, 
odor, and color were used as the criterion. The earlier stages would 
not 1% as suitable for silage purposes as the later stages, due to the large 
percentage of moisture which they contained. Even the last stage cut 
contained slightly higher than 80 per cent of moisture, but it must be 
remembered that these samples were not allowed to be exposed to the 
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sun after cutting, hence they represent the amount of moisture present 
immediately at the time of cutting. In the general farm practice of 
siloing sunflowers there is usually a loss of a few per cent of moisture by 
the slight wilting of the plants which takes place during the time of 
cutting and hauling to the silage cutter. The plants cut at this last stage 
of maturity were siloed in the large experiment station silos and produced 
excellent silage. 


COMPOSITION OP SUNFLOWERS IN 1921 

Additional work was carried on in 1921 on sunflowers planted singly 
and in hills at different distances apart in the row. The different distances 
apart in the rows selected were 8, 24, and 42 inches. In the hill system 
of planting there were one, two, three, and four stalks to the hill. All 
hills were planted 42 inches apart in the row. In both the drilled and 
hill systems the rows were 42 inches apart, this being the width of the 
planter. 

The results of the analyses of the five stages of plants are given in 
Table V. All results except acre yield are given on the anhydrous basis. 

In comparing the different systems of planting, 8, 24, and 42 inches 
apart in the row, and the hill systems, one, two, three, and four plants in 
the hill, it is noticeable that the 8-inch spacings produced the highest 
yield of all. This system is closely followed by the hill system of planting 
where three stalks were allowed to grow in each hill. 

ANHYDROUS MATERIAL 

The same conclusions as those found in 1920 are drawn when the 
amount of anhydrous material is considered. The 8-inch spacing is high¬ 
est in amount with the three stalks in a hill system closely following. 
Very little distance is noted in any of the other systems of planting. 

CRUDE PROTEIN 

Crude protein gradually decreases as the sunflowers become more ma¬ 
ture. The amount of protein is quite similar for all systems of plantings, 
averaging between 9 and 10 per cent in the final stages, the only exception 
to this being the four stalks in a hill system, which shows only 7.98 per cent 
crude protein in the final stage analyzed. 

CRUDE FIBER 

It is a noticeable fact that crude fiber increases up to the fourth stage, 
then decreases somewhat in the final stage examined. This fact holds 
true in both 1920 and 1921, with the exception of the 8-inch spacings 
grown in 1921. 

ether extract 

Ether extract is considerably higher in the last two than in the first 
three stages analyzed. 



TabliS V .—Composition of sunflowers {igzi') 
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Ash. 
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comparison op yields, 1920 AND 192I 

The yield per acre of sunflowers grown in 1921 was slightly less than 
half the yield secured in 1920, due to dry weather. The total precipitation 
for each month during the growing season is given in the following table: 

Tablb VI .—Precipitation during the growing season 


Month. 


April 

May. 

June. 


1920. 

1921. 

Month. 

1920. 

1921. 

Inches . 

Inches . 


Inches . 

Inches . 

2. 72 

2.86 

July . 

0. 54 

0.19 

1-35 

I. 80 

August. 

I. 22 

0.30 

z. z6 

I- 47 

September. 

2. 52 

1-43 


CONCLUSIONS 

A comparison of the results on sunflowers grown in Idaho and those 
grown by Shaw and Walters at Beltsville, Md., shows some striking facts. 
Probably, due to climatic conditions, Shaw and Wright were able to 
secure a more advanced stage of maturity of their sunflower crop as the 
last stage represented the production of good hard seed. As has been 
stated brfore, it is seldom possible to secure such mature sunflowers in 
certain portions of the Northwest. The crop grown for this experimental 
work is a good example, since the last stage analyzed represents the max¬ 
imum growth. At this period a frost occurred and the sunflowers were 
siloed. 

In content of dry material Idaho sunflowers when siloed represent 
Shaw and Wright sunflowers matured in stages between rays partly 
fallen and rays all fallen. It appears from these results, and results of 
previous years, that the crude protein is considerably higher in sunflowers 
grown in the Palouse country of Idaho than in Maryland, one crop 
grown in 1920 representing 12.38 per cent, and one in 1921 10 per cent, as 
against approximately 7 per cent in Maryland for tie same stage of 
maturity. The sunflowers grown in Montana, analyzed by Blish, show 
lower percentages of protein than sunflowers grown in the Palouse section 
of Idaho. From these results it would appear unfair to compare sun¬ 
flowers grown in different parts of the United States for relative food value, 
since the composition of sunflowers may vary widely, owing to the differ¬ 
ences in climatic and soil conditions. 

The 1920 results on the composition of sunflowers at different periods 
of growth show that the crude fiber does not continue to increase as the 
plant passes through the various st^es of maturity. Similar results 
were obtained witb the 1921 crop. The percentage of crude fiber found 
in the su^owers cut at the last stage of growth was slightly less than in 
^e more immature sta^ studied. From these data, it appears that there 
is practically no gain in crude fiber during the growth of the sunflower 
Iilant throughout the five stages of. maturity induded in this investiga¬ 
tion. The crude fiber may increase materially if the sunflowers are 
allowed to mature completely. At this tim® thc^^eaves are dead and partly 
fallen and the stdk b^mes hard and woody. Milage made from sun¬ 
flowers in this stage of maturity is hi^dn cruce fiber and is not palatable. 
It is possible that some the anlavord^ Tesidts which have been noted 
in isolated cases with sui^dw^hmre b^ due td fact that sunflowers 
were allowed to mature tod far b^dre' they were cut for ^age. 
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Time for cutting 

In considering the proper stage for cutting sunflowers in Idaho, either 
of the last two stages could be profitably used for silage, as there is little 
material difference in the analyses for the two stages in either the 1920 or 
1921 crops. In some sections where sunflowers mature slightly more than 
fai the Paloose country of Idaho, it might be profitable to cut them a 
little later than those of the last stage included in this investigation. 
In any event, cutting should not be delayed much beyond the last stage 
studied, for then the stalks become hard and woody and a silage is obtained 
which is unpalatable and not relished by the stock. 

The moisture content of the sunflower plant grown in the last two 
stages is approximately 80 per cent. This percentage of moisture is 
slightly higher than is usually desired in a crop intended for the silo. 
When the green material contains too much moisture, there is danger of a 
loss of considerable juice, which means a loss of soluble food nutrients. 
In crops containing a high sugar content, a high moisture content means 
also a high acid content. Shaw and Wright state that “a high moisture 
in the plant is usually associated with high acid silage.” This holds true 
for com silage, but an inspection of Table I shows that it does not always 
hold true for sunflowers. In the case of sunflowers a high moisture 
content results chiefly in a loss of soluble food nutrients in the juice. 

If the sunflowers seem to have too high a moisture content when cut, 
this can be materially decreased by allowing the plant to wilt for a short 
period. Blish, of Montana, has shown that excellent silage resulted 
when sunflowers were cut and allowed to wilt before siloing until the 
moisture content was 72.24 per cent. A moisture content for sunflower 
silage in Idaho can vary from 70 to 80 per cent, the writers recommending 
approximately 75 per cent as an average. 

distance apart in row 

When the two different distances of planting in the row are considered 
for 1920, it appears that the single plants growing 36 inches apart in the 
row rank slightly higher in food nutrients than the sunflowers planted 
every 4 to 8 inches. The analyses of the sunflowers, and the sunflower 
silage, both show a slight advantage over the closer plantings. The 
yield must be considered in deciding which system of planting is most 
profitable. The yields for the two spacings determined by the agronomy 
department showed 22.32 tons for the 36-inch spacings and 20.23 tons 
for the 4-inch to 8-inch spacings. However, because of the difference 
in the contour of the land upon which the su^owers were grown, these 
yields can not be considered as final. 

The yields of sunflowers grown in 1921 show results which are con¬ 
trary to the findings of 1920. The 8-inch spacings gave a higher yield 
than the 42-inch spacings. Under the conditions that existed in 1921, 
very little difference was noted in the yields of the sunflowers drilled 8 
inches apart and the sunflowers planted in hills containing two or three 
stalks. Pour stalks in the hill did not yield as well as the hills contain¬ 
ing two and three stalks. 

From the data presented on the two years of sunflowers it is apparent 
that the different climatic conditions, chiefly the proper distribution of 
moisture throughout the life cycle of the sun^ower plant, affect the yield 
of sunflowers when planted at different spacings in the row. The results 
vary from year to year in the Palouse country, because of variable 
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climatic conditions, to such an extent that no specific recommendations 
can be made as to the best systems of planting. Where irrigation is 
practiced, and the moisture supply controlled, moreregular yields would be 
expected under the different systems of planting. It is hoped that these 
studies on sunflowers grown under irrigation will be continued. Tlie re¬ 
sults in this paper are representative of what may be expected when 
sunflowers are grown in sections of the United States where climatic 
conditions and altitude are similar to those in the Palouse country. 
The choice of the sptem of planting sunflowers, grown without irriga¬ 
tion, must necessarily rest with the farmer, depending upon whether it 
is more feasible to harvest and silo the large type of sunflowers rather 
than the smaller type. In choosing the system of planting, the farmer 
should consider the difference in labor involved in harvesting the large or 
small type of sunflowers. 



EFFECT OF DIFFERENT CONCENTRATIONS OF MAN¬ 
GANESE SULPHATE ON THE GROWTH OF PLANTS 
IN ACID AND NEUTRAL SOILS AND THE NECES¬ 
SITY OF MANGANESE AS A PLANT NUTRIENT* 

By J. S. McHargub 

Department of Chemistry, Kenttuky Agricultural Experiment Station 
INTRODUCTION 

In a study of the literatiu'e on the nutrition of plants, one is impressed 
with the lack of definite knowledge concerning the necessity of a number 
of elements frequently found in appreciable amounts in the ash of dif¬ 
ferent species. 

For many years it has been taught and accepted by agronomists and 
plant physiologists that only lo of the elements are essential for the 
nomud growth and maturation of plants. These essential elements 
are carbon, hydrogen, oxygen, nitrogen, calcium, magnesium, potassium, 
phosphorus, sulphur and iron. In addition to these, it is also well 
known that as many as 20 or 30 others are frequently found in small 
amounts in plants which have grown under natural conditions. 

Within recent years many data have been obtained which indicate 
that a few of these so-called nonessential elements may have important 
functions in the plant’s economy. During the past 25 years, perhaps, 
more attention has been given to the acquisition of knowledge con¬ 
cerning the occurrence, distribution, and probable functions of manga¬ 
nese in soils and plants than to any other one of the elements referred to. 

The number of contributions to the literature on the relation of manga¬ 
nese to various phases of agriculture number no less than 100. As a 
matter of convenience these contributions may be divided into two 
general classes, depending upon the object to be attained. Investigators 
of one class, apparently, have been interested in determining whether 
or not manganese has any commercial value from the standpoint of a 
necessary fertilizer, while those of the other class have sought to determine 
whether or not manganese is an essential element in the vegetable 
economy and, if so, to assertain its functions. 

HISTORICAL 

Manganese was discovered by Scheele (9) * in 1774. He found that 
the soil contained small amounts of this element and that it was assimi¬ 
lated by plants that grew in the soil; however, he made no effort to 
determine whether manganese was necessary for plant growth. 

In 1864 Sachs { 8 ) conducted experiments, the purpose of which was 
to determine whether or not manganese was necessary in plant economy. 
He proved that manganese could not replace iron in plant growth, but 

^ Accepted for publication Nov. 6, 

This investigation, begun at the Kentucky Agricultural Experiment Station in 19x6, was continued, 
with the consent of the Director, at Cornell University where part of the results were offered in partial 
fulfilhncnt of the requirements for the degree of doctor of philosophy. Since September, xoas. the work 
has been carried on at the Kentucky Station. The paper presents in part the results of the investigation 
at Cornell, the earlier results, and the recent findings at the Kentucky Station. 

. • Reference is made by number (italic) to ‘Xiterature cited,** p. 793“794* 
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he did not prove that manganese was also necessary whei^ iron was 
available. 

In 1883 Ypshida (/a) isolate from the sap of the lac tree a product 
possessing peculiar enzymic properties which he was unable to explain. 

In 1894 Bertrand (r) undertook further work on the nature and 
composition of the product which had been isolated from the sap of the 
lac tree, and found that it contained considerable manganese, which 
gave to the product its peculiar enzymic properties. After several 
years of research on the relation of manganese to the growth of plants 
he concluded ^at this element is necessary for the normal growth of 
both autotropl^c and hetero^ophic plants and that its fuhctions ^n 
not be performed by any other dement. 

In 1914 Brenchley (2) published the results of an investigation con¬ 
cerning the effect of manganese sulphate on the growth of barley seedlings. 
Ste found that with a concentration of 1/100,000 of MnSO^ and less a oe- 
dded stimulation in the growth was produced; vnth greater concentra¬ 
tions than this, however, toxic effect resulted. In her conclusion with 
respect to the function of manganese in plants she sugigests the proba¬ 
bility that manganese may prpve to be an essentia! element in the 
economy of plant life, even though the quantity usually found in plants 
is very small, 

Kelly (5) made a study, of the effect produced on different species of 
plants when grown in a, nabiral sqil containing a large amount of manga¬ 
nese as compared with the effect produced on the same spedes when 
grown on a soil containing only a nqrmal amount of manganese. From 
his results he concluded mat the srhall amount of manganese occurring 
in soils probably performs a twofold function in plant growth: (i) It acts 
catalytically, increadag the oxidations in the soil and accelerating the 
auto-oxidations in plants; and (2) it tends to modify the absorption of 
caldum und magnesium, perhaps by partially replacing calcium from 
insoluble combinauohsj but especially through a direct effect by which 
the absorption of calcium is increased and that of magnesium is decreased. 

, McHargue ( 6 ) igre^r wheat plants to maturity in solution cultures free 
from and containing manganese and found that in the absence of manga¬ 
nese the plants became etiolated and did not develop in a normal way, 
thus showing that manganese is essential to the normal growth and 
maturation of this plant. 

Previous to 1902 but little attention had been given to the occurrence 
and distribution of manganese in soils. During that year Ewell (j) 
made an interesting observation with respect to the occurrence of soluble 
salt^ cff manganese in a certain' small arCa of soil whidi failed to produce 
crops in a norinal way. The results of his investigation showed that 
the small nonfertSe area of Soil contained rdatively large amounts of 
scdiible salts of manganese, while tfie-adjacent fertile abil contained nOne. 
He assumed that'Hie difference in the fertility of the twO'Soib was dike 
to the presence of the soluble compounds of manganese. Ihe publication 
of his conclusions apparently awakened a wide,)S|t0:est' ^eg^di% the 
rble nianganese plays in st^ls. ' , ' 

‘ In 1907 the United Sta^ >Bureau of ^ib (r<^>|miattg(mated a sdries of 
experiments with niangWfe^ ftt the AtflMg^on Man- 

g^ese sulphate was applied at the rate of 50 pounds per acre to an add 
ailfy clay loam soil, and crops were grown on the treated and untreated 
soff for six. years. The application of manganese to the add soil resuilti^ 
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in decreased yields; however, upon neutralizing the acidity in the soil 
by the addition of calcium carbonate the plots receiving manganese 
produced very marked increases in yields, thus showing that the reaction 
of the soil is an important factor in determining whether or not an 
application of manganese sulphate will exert a beneficial effect on plant 
growth. 

Funchess {4) has obtained data which tend to show that some acid 
soils contain soluble salts of manganese. He also offers the suggestion 
that the toxic effect associated with soil acidity may be due in part to 
soluble salts of this element. He describes experiments with acid soils 
that contained soluble salts of manganese and were toxic to the growth 
of plants. He found that the toxic effect of the soil was destroyed after 
neutralization with calcium hydroxid. 

In 1920 Olaru (7) published results showing the effect of manganese on 
some of the more important microorganisms concerned with nitrogen 
transformations in soils and leguminous plants. With pure cultures 
of Bacillus radiocicola, Azotobacter chroococcum, Clostridium pasteurianum, 
and Micrococcus ureae and with concentrations of manganese sulphate 
varying from zero to 10 mgm. per liter he obtained a marked stimulation 
in the functions of each of these organisms. The maximum stimulation 
appears to have been obtained wifii concentrations of about i mgm. of 
manganese per liter. He therefore concludes that the small amount of 
manganese occurring in the soil serves a very useful function with respect 
to the organisms concerned in nitrogen transformation. 

Robinson (ii) has determined the manganese content of 26 different 
and representative soil types in this country. The maximum amount 
found in any soil was 0.51 per cent, the minimum o.oi per cent, and the 
average 0.20 per cent of MnO, respectively. Various other reports 
concerning the amount of manganese contained in the soils of this and 
other countries will average approximately o.io per cent of this element, 
which is as much as the phosphorus and sulphur contained in soils that 
produce average yields of field crops. 

In the foregoing review it has been the aim of the author to refer to 
those contributions on the subject which contain the more modern views 
concerning the probable function of manganese in its relation to agri¬ 
culture. 

The purpose of this investigation was, first, to show the effect of 
increased concentrations of manganese sulphate on the growth of plants 
in certain soils, and, secondly, to determine definitely if manganese is an 
essential element in the plant economy. 

EXPERIMENTAL DATA 

Citation (4) is a contribution whose data indicate that soluble salts of 
manganese are associated with and may in part be responsible for the 
toxicity of acid soils. To obtain further data on this subject, a series of 
experiments was planned in which plants were grown in acid and in 
neutralized portions of the same soil to which were added equal and grad¬ 
uated amounts of manganese sulphate. The soils selected for the experi¬ 
ments were not only add but were lacking in capacity to produce good 
crops without the addition of certain plant nutrients. 

43323—23——4 
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EXPERIMENTS WITH VOEUSIA SIET LOAM SOIL 

Volusia silt loam soil has a brownish-gray color, is low in organic 
matter, and contains considerable clay. It requires about 2,000 pounds 
of calcium carbonate per acre foot to neutralize its acidity. 

About 500 pounds of this soil were obtained in a pasture field on 
Tmkey Hill, Tompkins County, N. Y. The soil was well mixed and 
allowed to air-dry. Representative samples were taken for determina¬ 
tion of the total and water-soluble manganese. 

The total manganese content was determined by the potassium 
bisulphate fusion and the colorimetric periodate method. The amount 
of mangane.se found by this method was 0.08 per cent, or 800 parts per 
million of the air-dry soil. The amount of manganese dissolved by 
digestion with distilled water was 6.25 parts per million of the air-dry 
soil. 

For pot experiments, 4,000 gm. portions of the air-dry soil were 
weighed into clean i-gallon earthenware jars without drainage. Two 
series of 12 jars each were prepared, one with and the other without 
calcium carbonate, as shown in Table I, each treatment being made in 
duplicate. The mineral nutrients consisted of 10 gm. calcium nitrate, 
10 gm. dipotassium phosphate, and 5 gm. magnesium sulphate per jar. 

TabItB I. —Poi treatments in Series 1 and 11 


Pot No. 

Treattnent, Series I. 

Treatment, Series II. 

X and la... 
3 and 2a... 

3 and 3a... 

4 and 4a... 

5 and 5a... 

6 and 6a... 

No treatment. 

20 gm. CaCOg. 

Mineral nutrients and 20 gm. CaCOg. 
Mineral nutrients, 20 gm. CaCOg and 
5 parts per million Mn. 

Mineral nutrients, 20 gm. CaCOg and 
10 parts per million Mn. 

Mineral nutrients, 30 gm. CaCOg and 
50 parts per million Mn. 

Mineral nutrients, 20 gm. CaCOg and 
100 parts per million Mn. 

Mineral nutrients only. 

Mineral nutrients and 5 parts 
per million Mn. 

Mineral nutrients and 10 parts 
per million Mn. 

Mineral nutrients and 50 parts 
per million Mn. 

Mineral nutrients and 100 parts 
per million Mn. 


Purple-top radish seeds were soivn in each pot and the moisture con¬ 
tent of the soil in each pot was brought to one-half saturation, by weight, 
with distilled water. After the seedlings were up they were thinned to 
10 plants in each pot and the moisture content kept at approximately 
one-half saturation with distilled water during the time the plants were 
making their growth. 

Immediately after the crop of radishes was harvested soybeans were 
planted in each of the pots without further treatment of the soil. After tiie 
beans had reached the proper size they were thinned to 6 plants in each 
pot and allowed to grow until they were approaching maturity, the 
moisture content being meanwhile kept up to about one-half saturation 
.with distilled water. 

Plate I, A, represents five pots from series No. i. Pot No. i is one of 
the control pots and represents the productivity of the soil without 
treatment. Pot No. 2 shows the effect of the addition of appropriate 
amounts of phosphorus, potassium, caldum, magnesium, nitrogen and 
sulphur to the soil. This is one of the pots that received minerd nutrients 
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only and no manganese. Pot No. 3 received 5 parts per million of manga¬ 
nese in addition to the mineral nutrients. Pot No. 4 received 10 parts per 
million of manganese. Pot No. 5 received 50 parts per million of manga¬ 
nese. It is therefore readily apparent Idiat 50 parts per million of 
manganese in the form of manganese sulphate are sufficient to produce 
toxicity in this soil. None of the seeds came up in the soil receiving this 
and greater concentrations of manganese sulphate. It is quite evident 
from Plate i, A, that the maximum tolerance for manganese sulphate 
in this soil and with this particular plant lies between 10 and 50 parts 
per million. 

Table II shows that the plants in the corresponding duplicate pots 
which are not shown made a similar growth. 

There is no noticeable difference in the growth of the plants receiving 
the 5 and 10 parts per million of manganese, as compared with those 
that received no additional manganese. It is apparent that the small 
amount of manganese contained in the soil was sufficient for the require¬ 
ments of the plants, under the conditions described. 

The growth attained by the plants in the neutralized Volusia soil is 
shown in Plate i, B, in which pot No. i is one of the control pots to which 
calcium carbonate was added. Comparison with the corresponding pot 
in Plate i, A, shows that the plants made a slightly better growth in the 
neutralized soil than in the acid soil. Pot No. 2 received mineral nutrients 
and calcium carbonate and the plants did not make as good growth as did 
those in the corresponding pots with the acid soil. Pot No. 4 is one of 
two to which 10 parts per million of manganese was added. Neither of 
the two pots of soil that received 5 parts p)er million of manganese is 
shown in the photograph, but it will be seen in Table II that the plants 
that received 5 parts per million of manganese in series No. 2 made a 
slightly better growth than did the plants in the corresponding pots of 
soil in series No. i. It will also be observed in Table II that the plants 
in the pots of soil that received 10 parts per million of manganese made a 
decidedly better growth in the neutralized soil than did the plants in the 
corresponding pots in the acid soil. Pot No. 5 shows the growth the 
plants attained in the neutralized soil to which 50 parts per million of 
manganese was added. It will be recalled that in the corresponding 
pots in the acid soil, the seeds did not germinate because of the toxic 
effect produced by an excess of manganese, while with the same con¬ 
centration of manganese in the neutral soil the plants made a fair growth, 
though apparently retarded by an excess of this element. This experi¬ 
ment illustrates in a very striking way the effect of calcium carbonate in 
reducing the toxicity produced by an excess of manganese sulphate. In 
pot No. 6, to which was added 100 parts per million of manganese, no 
plants grew. 

In Table II it will be observed that the applications of manganese 
to the acid soil reduced the yields, as shown by ^e green and dry weights 
of the plants, whereas with the same concentrations of manganese in the 
neutralized soil there was an appreciable gain. 
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Table II. —WeighU of radish and soybean plants grown in Voluna and Dunkirk soils, 
with and without nutrients, MnSO^ and CaCO^, duplicate pots 


Add reaction of soil. 


Neutral reaction of soil. 










CaCOs 

CaCOa 

CaCOa 





Miner- 

Miner- 



plus 

plus 

plus, 



No 

treat¬ 

ment. 


alsplus 

als plus 


CaCOa 

miner- 

miner- 

miner- 

Cnv). 

Soil. 

Minor¬ 

us. 

5 parts 
per 

10 parts 
per 

CaCOa. 

plus 

miner- 

als and 
5 parts 

als and 
10 part.s 

als and 
50 parts 




million 

million 


als. 

per 

per 

per 





Mn. 

Mn. 



million 

million 

million 









Mn. 

Mn. 

Mn. 

Green weiifht of 
radish tops 
and roots. 

Volusia.... 

Gm. 

45-0 

Gm, 
aia. 5 

Gm. 

X67.S 

Gm. 

153.5 

Gm. 

53.5 

Cm. 

X5I.O 

Gm. 
178. 5 

Gm. 

194.0 

Gm. 

,36.5 

' Dunkirk.. 

9*5 

340.5 

aos-0 

xox. 0 

95*0 

xa9.0 

X85.0 

aaa. 5 

146.5 

Dry weight of 
radish tops 
and roots. 

^ Volusia_ 

‘ Dunkirk.. 

i 

3-3 

7-3 

xa .4 

15-8 

xo. 0 

13-3 

9.7 

8.8 

3-4 

7.8 

X0.7 

7.7 

xa.9 

12.3 

13-4 

13.8 

4.3 
xo. X 

Green weight of 

Volusia.... 

38-8 

65.5 

SO.0 

aS. 0 

4a. 0 

42.0 

60.5 

45-5 

XX. 8 

soybeans. 

iDunkirk.. 

30.3 

67.8 

4*‘3 

ao. 5 

37-5 

27.5 

50.8 

44.3 

48.5 

Dry weight of 

/Volusia.... 

4-4 

13*5 

9.6 

6.0 

9 - 3 

9.9 

13.5 

xo. X 

a. 6 

soybeans. 

\Dunkirk.. 

6.9 

1 

n.9 

8. a 

3.6 

t>. a 

71 

9.5 

8.8 

10.0 


EXPERIMENTS WITH DUNKIRK CLAY LOAM SOIL 

Two series of experiments similar to those just described with the 
Volusia soil were conducted at the same time and under the same con¬ 
ditions with the Dunkirk clay loam soil. Apparently this soil is slightly 
more productive than the Volusia silt loam soil. It has an acid reaction 
and responds to applications of certain plant nutrients. 

A manganese determination on the Dunkirk soil gave 0.093 cent of 
this element. The amount of water-soluble manganese found was 
9.30 parts per million of the soil. 

The radish plants which were grown on the Dunkirk soil under the 
same conditions as those previously described on the Volusia soil were 
harvested on the same day and treated in like manner for the green 
and dry weights, which are given in Table II. 

No photographs were made of the plants grown in the Dunkirk soil; 
however, it will be seen from the green and dry weights of the plants, 
shown in Table II, that results somewhat comparable to those obtained 
with the Volusia soil were obtained under similar treatments with this 
soil. In series No. i the maximum yields occiured with the applications 
of mineral nutrients. Addition of manganese gave a diminution in 
yields as compared with the pots receiving mineral nutrients alone. 

In series No. 2, application of calcium carbonate to the soil of pots 
No. I and 2 affected the growrth of the plants but little as compared 
with the corresponding pots in series No. i, in which the plants grew in 
acid soil, It thus appears that the application of calcium carbonate 
under these conditions had no effect as far as the growth of the plants 
was concerned. There is an increase which is apparently due to the 
applications of manganese in this series, as compared with the pots 
receiving mineral nutrients alone. This is in accord with the results 
obtained with applications of manganese to the neutralized Volusia soil. 

_ Equal quantities of the radish tops grown in duplicate pots were com¬ 
bined to make a composite sample for chemical analysis, the results of 
which are given in Table III. 
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Table HI. —Analyses of composite samples of radish tops grown in Volusia and Dunkirk 
soils, with and without the addition of nutrients, manganese sulphate, and calcium car¬ 
bonate {results calculated on moisture-free basis) 


Acid reaction of soil. 


Neutral reaction of soil. 


Element. 

Soil. 

No 

treat¬ 

ment. 

Miner¬ 

als 

Miner¬ 
als plus 
5 parts 
per 

million 

Mn. 

Miner¬ 
als plus 
10 parts 
per 

million 

Mn. 

CaCOs 

CaCOa 

plus 

miner¬ 

als. 

CaCOs 
plus 
miner¬ 
als and 

5 parts 
per 

million 

Mn. 

CaCOs 
plus 
miner¬ 
als and 
xo parts 
per 

million 

Mn. 

CaCOa 
plus 
miner¬ 
als and 
50 parts 
per 

million 

Mn. 



Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

ce^it. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Ash. 

/Volusia.... 

21.89 

25.60 

2S-SI 

24-45 

22.06 

24.96 

25.49 

26.00 

21. 7Z 

1 Dunkirk.. 

20. IS 

24.83 

24. s8 

26. 76 

17-55 

19.06 

25.08 

25-56 

25 - 45 

Fe . 

/ Volusia.... 

.077 

•059 

.050 

.091 

.047 

• 095 

*096 

.071 

.08 

1 Dunkirk.. 

•073 

•073 

•073 

•073 

•074 

.084 

•095 

.091 

. IZ 

Mn.*. 

/Volusia.... 

. 046 

•035 

.058 

•94 

•054 

. 046 

• 070 

.087 

I- IS 

1 Dunkirk.. 

. 024 

. 024 

•056, 

•67 

. 019 

.021 

•034 

•059 

.84 

Ca. 

/ Volusia.... 

3-86 

3-,'59 

3-12 

3 * 25 

3 -01 

4-39 

4-44 

4 - 54 

2.8x 

1 Dunkirk. 

3. 10 

3 * 32 

3 - 23 

3 - 95 

2. 72 

2. 85 

2. 91 

2.96 

2.98 

Mk. 

/Volusia.... 

.46 

•45 

• 41 

.38 

•43 

•38 

.40 

•44 

•38 

U:)unkirk . 

•43 

.40 

.42 

•43 

•45 

•42 

•41 

•42 

•34 

p 

/Volusia ... 

• 2S 

•25 

.78 

• 72 

. 24 

•70 

.70 

•6S 

.68 


1 Dunkirk.. 

• 27 ! 

•56 

•55 

•50 

• 25 

•59 

•58 

• 6z 

. 60 

JC 

/Volusia ... 

4.56 1 

4 - 72 

6.67 

7-47 

6 .94 

4*33 

5- 55 

6. 52 

6.35 


1 Dunkirk.. 

4- S6 , 

4- 56 

7.69 

7- 99 

7-31 

3-52 

3- 16 

7-83 j 

7. 24 

N . 

/Volusia... 

6.04 j 

6. 79 

6. 58 

6.71 

6. 15 

6.48 

6. 52 

6.4s 

7.81 

[Dunkirk.. 

5-56 1 

6. 77 

7. 22 

6.51 

3 - 19 

3 - S8 

5 - 17 

5-04 

5-56 

1 


An examination of the results shown in Table III reveals some points 
of interest. The plants which grew in the untreated soil contained less 
mineral matter than did those to whici mineral nutrients were added. 
The addition of manganese to the soil in series No. i did not increase the 
mineral content of the plants receiving it, whereas it appears to have done 
so in the neutralized soil, except in pots 9 and 10, in which toxicity was 
produced. About as much mineral matter was taken up by the plants 
grown in the soil to which calcium carbonate was added as where it was 
omitted in the corresponding control pots of soil in series No. i. A 
little more calcium was taken up by the plants under neutral conditions 
of the Volusia soil than under acid conditions; however, a little less 
calcium was found in the plants that grew in the neutralized Dunkirk 
soil than in those that grew in the acid soil. A larger percentage of 
potassium was found in the plants that grew in the acid Volusia and Dun¬ 
kirk soils to which manganese was added than in those plants that grew 
in the soil to which no manganese was added. There was an increase in 
the percentage of nitrogen in the plants to which manganese was added 
in the neutral Dunkirk soil, while the percentage of nitrogen was nearly 
constant in the other experiments. 

It appears, therefore, that in the soils dealt with in the foregoing 
series of experiments with radish plants, there has been a slight gain in 
each of the soils where manganese was added to the neutral soil in con¬ 
nection with mineral nutrients. Under acid conditions there has been a 
diminution in the yield of the plants receiving manganese when com¬ 
pared with the pots receiving mineral nutrients alone. All the soils 
have responded vigorously to an application of mineral nutrients when 
compared with no treatment. 

An inspection of the green and dry weights of the soybean plants in 
Table II indicates that a more favorable growth was obtained in the 
neutralized soil plus manganese than in the acid soil to which manganese 
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was added. The protective action of calcium carbonate against the 
toxic properties of an excess of manganese sulphate is demonstrated 
with soybeans. The plants receiving 50 parts per million of manganese 
in the neutral soil made a moderate growth, while in the'corresponding 
pots of acid soil no plants were produced. 

After the dry weights were determined the leaves and stems of the soy¬ 
bean plants in duplicate pots were combined to make a composite sample 
for chemical analysis. The results of the analyses are given in Table VI. 

Table IV .—Analyses of composite samples of soybean plants grown after radish plants 
in Volusia and Dunkirk soils^ with and without the addition of nutrients, MnSO^ and 
CaCO^ {results calculated on moisturefree basis) 


Acid reaction of soil. 


Neutral reaction of soil. 


Crop. 

Soil. 

No 

treat¬ 

ment. 

Miner¬ 

als. 

Miner¬ 
als fSlus 
5 parts 
per 

million 

Mm 

Miner¬ 
als plus 
IQ parts 
per 

million 

Mn. 

CaCOs. 

CaC03 

plus 

miner¬ 

als 

CaCOa 
plus 
miner¬ 
als and 
5 parts 
per 

million 

Mn. 

,CaCOa 
plus 
miner¬ 
als and 
10 parts 
per 

million 

Mn. 

CaCOa 
plus 
miner¬ 
als and 
50 parts 
per 

million 

Mn. 



Per ci. 

Per cl. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


/Volusia... 

8.38 

12-43 

13-86 

14-24 

9.48 

za. 52 

12. 59 

13 * IS 

10.7a 


\Dunkirk.. 

9*58 

13 -17 

13 * 98 

14. la 

XI. 36 

12.50 

13 -19 

13.86 

9-37 


/Volusia... 

*059 

.078 

. 078 

. 069 

.068 

• 059 

.071 

X. 06 

. 1x4 

re . 

\Dunkirk.. 

.070 

.070 

.0^ 

.osx 

.050 

•05a 

.047 

.053 

.08a 


/Volusia... 

.oxa 

.oxa 

. xS6 

•303 

.oxa 

.0x4 

.027 

.04a 

.ao4 

jvm. 

\Dunkifk.. 

.013 

.0x9 

. z6a 

• 277 

.069 

.105 

.346 

• 697 

.x86 

f'o 

/Volusia . .. 

1.19 

1.69 

1.89 

1.81 

a. 05 

a. OS 

3. 04 

X. 96 

X. 62 

.. 

\Dimkirk.. 

1.90 

1.87 

1.60 

a. 13 

a. 08 

X. 6a 1 

1.88 

X.84 

1.71 

Ufa 

/Volusia... 

•31 

.29 

.30 

.a8 

•32 

•30 

• 27 

.a8 

.34 

. 

\Duiikirk. . 

•33 

.36 

• 3 * 

.39 

•SI 

•34 

.28 

•25 

•36 

-p 

/Volusia ... 

•13 

• 3 * 

•35 

•43 

.18 

.27 

•24 

. aa 

•36 

XT .. 

\Dunkirk. . 

•33 

•45 

•SO 

•55 

.37 

.48 

.46 

.40 

•41 

V 

/Volusia. . 

1-43 

3-40 

3.6a 

3.9a 

z. 40 

3-12 

3 - 05 

3 - 05 

3-03 

.. 

1 Dunkirk. . 

I. 34 

a. 80 

3 - 39 

a. 30 1 

3-51 

3-71 

3 -SI 

3 .34 

3- 21 

KT 

/Volusia... 

3.40 

4.06 

4.07 

4. la 

3 -69 

4. x6 

3.91 i 

4.00 

4-49 


\Dunkirk.. 

I. 62 

4 - as 

3. 8 s 

3.76 

Z.86 

3.8a 

3.80 

3 - 76 

3.96 


Table IV shows that the smallest percentage of ash was taken up by the 
plants grown in the untreated soils, while the largest percentage was 
found in the plants that had grown in the acid soil and to which 10 parts 
per million of manganese was added. Considerably more manganese 
than iron was taken up by the plants that grew in each of the acid soils 
to which manganese was added. Under neutral conditions more 
manganese than iron was absorbed by the plants that grew in the Dun¬ 
kirk soil. The results for calcium vary to some extent between the two 
soils but apparently more calcium was taken up by the plants that grew 
in the neutralized soil. The plants that grew in the Dunkirk soil con¬ 
tained more phosphorus than those that grew in the Volusia soil. The 
amounts absorbed under acid and neutral conditions were nearly equal 
in the Dunkirk soil. Considerably more potassium was taken up by the 
plants receiving mineral nutrients and manganese than by either the 
untreated or the soils to which only calcium carbonate was added. 

In the foregoing experiments with soils, the purpose was to determine 
the effect produced on the growth of plants in an acid and a neutral soil 
to which was added graduated amounts of manganese sulphate. It is 
readily apparent, therefore, that while such meth^s of experimentation 
are very important from an economic standpoint, they do not afford the 
desired proof to determine whether or not manganese is essential in 
the plant’s economy. 
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The preparation of a medium that will, when the test is applied, show 
no manganese, requires certain procedures and precautions which, in so far 
as the writer has been able to discover, have not previously been taken 
into consideration in experiments planned to show the effect the absence 
of this element may have on the growth of plants. Tests for manganese 
in many different samples of chemical reagents which are used for plant 
nutrients show that manganese-free chemicals are rarely if ever found. 
So intimate is the association of manganese with iron that a manganese- 
free iron compound could not be purchased from dealers in chemicals 
and it was necessary to prepare it in the laboratory. Therefore in order 
to eliminate all possible sources of contamination with manganese it is 
necessary to test and purify all the reagents that enter the nutrient 
medium. Even though manganese has been eliminated from the nutrient 
medium it is necessary to grow plants until they approach maturity 
before any definite conclusions can be reached with respect to the effect 
of this element on their growth. The seeds of those plants with which 
the writer has carried on experiments apparently contained enough 
manganese to maintain a normal growth for the first six or eight weeks. 

After having procured reagents that were proved by chemical tests to 
be free from manganese, a Knop’s nutrient solution was made for water 
culture experiments. 

Alaska garden pea seeds were germinated on moist cheesecloth in a 
porcelain-lined pan. When the seedlings were of the proper size they 
were transferred and held in place by means of plugs of cotton in holes 
made in squares cut from boards which were made to fit over the mouths 
of well-glazed one-half gallon earthenware jars. An attempt was made 
to waterproof the boards by keeping them submerged in paraffin kept 
near the boiling point for several hours. Although the squares of wood 
afford excellent means of support for the plants, they proved to be unsat¬ 
isfactory in these and in previous experiments from the fact that the lower 
surface of the board, which is close to the top of the nutrient solution, 
affords favorable conditions for the growth of molds which, unless daily 
attention is given to washing them away, very soon attack the roots of 
the plants. 

More recently supports have been made of well-glazed earthenware and 
no trouble from molds has been experienced. 

The earthenware jars were filled nearly to the mouth with the 
Knop’s solution and when the covers containing the seedlings were on, 
the roots were submerged in the solution. The pots containing the 
plants were kept at a suitable temperature for the growth of the peas 
in the greenhouse and the nutrient solutions were changed twice each 
week. The water lost by transpiration in the meantime was replaced 
with distilled water, thus keeping the concentration approximately con¬ 
stant. 

Previous to starting the experiment new pots were obtained and tested 
for soluble manganese in the following manner: Three of the new pots 
were taken at random and filled to near the mouth with a mixture of 
equal parts of i: i nitric and hydrochloric acids and placed over holes on a 
water bath and kept at the temperature of boiling water for 48 hours. 
The mouths of the pots were covered with watchglasses during the 
digestion. The solutions were then transferred to porcelain dishes and 
brought to (hyness. The residues were tested for the presence of man¬ 
ganese, and otdy a slight trace was found from any of the pots. The 
writer considers this a negligible source of manganese as it was thought 
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that even the trace found in the acid extraction would not be available 
to the plants growing in a Knop’s solution. 

Twelve Alaska pea seedlings were placed in each of four jars containing 
a Knop’s solution. At the ^ginning of the experiment i part of man¬ 
ganese in the form of the sulphate to 1,000,000 parts of the solution was 
added to each of two of the pots. After the plants had been growing 
three or four weeks the concentration of manganese was increased to five 
parts per million of the Knop’s solution. One cubic centimeter of a man¬ 
ganese-free ferric chlorid solution which contained o.ooi gm. iron was 
added to each of the pots at the time the solutions were changed. 

During the first four or six weeks of growth there was little or no differ¬ 
ence in the size or appearance of the plants. Therefore the plants which 
received no manganese except that contained in the seed began to show 
effects which can not be accounted for in any other way except for a 
lack of this element. The first effect to be observed was that the young 
buds as they unfolded were yellowish instead of a normal green color 
and later became flecked with small specks of brown, which was not 
observed at any time on the plants receiving manganese. The etiolated 
condition became more pronounced as the time progressed and finally 
resulted in the top branches dying back. The green and dry weights of 
the 12 plants that grew in each of the 4 pots were determined. 

The average dry weights of the pea plants show an increase of 49.47 
per cent in the total dry matter produced in the plants which were 
grown in tlie presence of manganese when compared with those plants 
that grew in a Knop’s solution to which no manganese was added. 
There was also an increase of 24.63 per cent in the mineral nutrients 
assimilated, exclusive of nitrogen, in the plants that grew in the 
Knop’s solution containing manganese. The plants which did not 
get any manganese contained a little more nitrogen than those to 
which manganese was added. The plants from which manganese was 
withheld contained only traces of this element, which was no more 
than could have been derived from the seeds from which the plants 
grew. It therefore appears that the trace of manganese derived from the 
seeds of the plants was not sufficient to maintain a normal metabolic 
process during the latter part of the time the plants were growing. 

The duplicate sets of plants were combined to make a composite 
sample for chemical analysis and the results are given in Table V. 


Table V .—Analyses of pea, soyheaut corn, and cowpea plants grown in media free from, 
and containing manganese {results expressed of the moisture free material) 



Ash 

(crude). 

Iron 

(Fe). 

Man¬ 

ganese 

(Mn). 

Cal¬ 

cium 

(Ca). 

Mag¬ 

nesium 

(Mg). 

Potas¬ 

sium 

(K). 

Phos¬ 

phorus 

(P). 

Nitro¬ 

gen 

(N). 

Alaska pea plants: 

Perci. 

Perct. 

Per ct. 

Per ct. 

Perct. 

Perct. 

Perct. 

Perct. 

Manganese. 

13. 85 

0.04Z 

0. Z79 

Z.85 

0.50 

a. 05 

0.58 

a. 97 

No manganese. 

15. 41 

.040 

Trace. 

a. 4Z 

.98 

3. 7Z 

.68 

4-71 

Soybean leaves: 



Manganese. 

15. 00 

.051 


.80 

•S6 

z.s8 

.63 

3.49 

No manganese. 

IS-99 

• 004 

Trace. 

.8a 

.63 

z. zz 

• 4 « 

3-8 s 

Soybean stalks: 





Manganese. 

X3-07 

.036 

• ozo 

•57 

•37 

X.08 

•45 

Z.69 

No manganese. 

16.67 

.033 

None. 

.68 

•39 

1-35 

• 46 

3. 3Z 

Cowpea plants: 




Manganese. 

17* 34 

.046 

.036 

Z.70 

•54 

5- 56 

• 7a 

a , SI 

No manganese. 

ao. Z4 

.06s 

.003 

z.3a 

.6z 

7.88 

•51 

4.51 

Corn leaves: 



Manganese.*. 

8.71 

.039 

.040 

• 33 

.31 

3.80 

.40 

• 33 

No manganese. 

to. a8 

•034 

.ooz 

.34 

.36 

4-07 

•35 

X.47 

Corn stalks: 




Manganese. 

6.37 

.014 


.oS 

•13 

3.03 

• 4 » 

•77 

No manganese. 

8.34 

.OIZ 

Trace. 

. 10 

• 13 

3 .59 

•37 

•95 
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SAND CULTURE EXPERIMENTS 

A quantity of quartz sand of medium sized grains was obtained for 
sand cultures. The sand, from external appearance, was good quality 
glass sand. Upon digesting i,ooo gm. in a mixture of i; i hydrochloric 
and nitric acids on a hot water bath for several hours, filtering out and 
washing the residue free of acids, it was found upon testing portions of 
the filtrate that the sand had contained small amounts of iron, manga¬ 
nese, zinc, arsenic, calcium, and magnesium. The residue of sand was 
snow white, except for a few black particles, which resisted further treat¬ 
ments of strong acids to dissolve them. A small amount of the black 
particles were separated, ground in an agate mortar, and fused with 
potassium bisulphate. The fused mass was extracted with dilute sul¬ 
phuric acid and tested for manganese, but none was found. 

Several hundred pounds of the sand were then washed with a mixture 
of nitric and hydrochloric acids and afterwards with distilled water until 
free of chlorids, as shown by a test with silver nitrate. The sand was 
then transferred to large, shallow, porcelain-lined agateware pans and 
dried. After the sand was dry 4,000 gm. portions were weighed into 
clean i-gallon earthenware pots. 

The sand prepared in this way possessed rather strong absorptive 
powers when wet with a Knop’s nutrient solution. It, therefore, was 
necessary to saturate the absorptive capacity of the sand with respect 
to the plant nutrients before plants could be grown. This was accom¬ 
plished by adding the following amounts of manganese-free mineral 
nutrients to each i gallon of dry sand (4,000 gm.); 25 gm. of CaCOg, 
10 gm. of KjHPO^, 10 gm. of Ca(N03)2, 5 gm. of MgS04, 3 gm. of KCl 
and 3 gm. of Fe in the form of a suspension of FefOH),. These chem¬ 
icals were all free from manganese and pots of sand receiving this treat¬ 
ment served as the controls. Equal numbers of other pots of the 
sand received 2 gm. each of manganese in the form of MnCOg and 
the above-mentioned nutrients. The mineral nutrients and the sand 
were thoroughly mixed by hand in a large porcelain-lined pan and re¬ 
turned to the respective pots. Equal numbers of plants of soybeans, 
cowpeas, and sweetcorn were grown in the purified sand, with and with¬ 
out manganese, until they approached maturity. They were then har¬ 
vested and the dry weights determined and chemical analyses made of 
the plant material. The results are given in Tables V and VI. 

Tabls VI .—Dry weights of the plants 


Species of plant. 

Manganese 

added. 

No man¬ 
ganese 
added. 

Increase 
due to 
manganese. 

Alaslfa. npna (irrown in wator cultures^. 

poa 

H 

0 

Grift. 

18. 80 

Per cent. 

49-5 

61.6 

^ybeans , . 

IQ. 80 
26. 50 
72. 00 

12. 25 

II. 30 
59.00 

Cowpeas... 

134. 5 

22. 0 




All the plants which grew in the pot cultures containing manganese 
made a very much better growth than did those from which manganese 
was withheld. The most striking result was obtained with cowpeas, in 
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which the increase in dry weight of the plants receiving manganese was 
134.5 per cent. All the leguminous plants from which manganese was 
withheld made a normal growth for the first six or eight weeks; there¬ 
after the young buds and leaves as they unfolded were etiolated and 
brown specks developed on the etiolated leaves later. After this condi¬ 
tion had developed but very little growth was made, and the young and 
tender parts of the plants died back, while the plants to which manga¬ 
nese was added made a normal growth and no chlorosis developed during 
their growth. With com, the only apparent effect produced on the 
growth of the plants was the failure in the production of dry organic 
matter. No chlorosis developed on the leaves of the com, which was 
harvested after the plants had produced tassels. From these results it 
appears that leguminous plants are more sensitive towards the lack of 
manganese than are the nonlegumes. 

In the cowpea and com plants to which no manganese was added, 
enough of this element was present for a determination. In the other 
plants to which no manganese was added only a trace of manganese 
could be detected. 

The stalk of the soybean plants which grew in the absence of manga¬ 
nese was the only material in which no manganese could be detected. 
The plants which grew in the pot cultures to which manganese was 
added contained a normal amount of this element. 

More recent experiments with manganese-free sand cultures at the 
Kentucky Agricultural Experiment Station have shown the necessity of 
manganese in both nonleguminous and leguminous plants. 

Plate 2, A, shows in a very striking way the beneficial influence of 
manganese on oats. The plants on the left had no manganese added 
to the sand in which they grew, while those on the right grew in the 
presence of manganese. 

Plate 2, B, shows Canada field peas. The plants on the left received 
no manganese in the sand in which they grew, while to those on the 
right manganese was added, all other conditions being the same. 

Sand cultures were carried out with the following species of plants: 
Wheat, oats, peas, cowpeas, beans, lettuce, tomatoes, onions, spinach, 
cabbage, carrots, radish, and clover, and similar effects were observed 
as those described and shown in Plate 2, A, B. 

SUMMARY 

(1) In the experiments with acid soil which contained approximately 
one-tenth of 1 per cent of manganese it was found that only small 
amounts of the total manganese were soluble in water. Applications of 
more manganese, in the form of the sulphate, to the acid soil caused a 
decrease in the yields of the crops, whereas like quantities of this com¬ 
pound, when applied to different portions of the same soil, after addition 
of calcium carbonate, caused an increase in the yields of other plants of 
the same species. 

(2) The occurrence of soluble salts of manganese in an acid soil may 
be one of the causes of toxicity in such soils as exhibit toxic effects. 
An excess of manganese sulphate in a soil renders it sterile with respect 
to the growth of plants. Calcium carbonate in the soil causes a diminu¬ 
tion in the toxic effects produced by an excess of manganese sulphate. 

(3) In order to demonstrate whether or not manganese is essential 
for the normal growth of plants, it is necessary that great care should 
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be taken in the preparation of a manganese-free medium in which to 
grow i^nts. 

(4) vManganese is intimately associated with compounds of iron, phos¬ 
phorus, and calcium, and since very small amounts of this element are 
required for the growth of plants it is quite probable that the contami¬ 
nation of plant nutrients with manganese has hitherto been an unrec- 
ft gnir ed source of error in determining the necessity of this element in 
plant economy. 

(5) i^pparently leguminous plants are more sensitive to the lack of 
manganese than are the nonlegumes; however, further data obtained 
by growing nonleguminous plants for more than one generation in a 
manganese-free medium may be necessary to prove this point. 

{6y^ very small amount of manganese is required for the normal 
gro\^ of plants. 

(7) '^eds of the plants tested (radish, soybean, cowpea, field pea, 
and com) do not contain enough manganese for the growth of the plant 
to maturity. 

(8) ^he seeds of some plants contain enough manganese to maintain 
a normal development for the first four or six weeks of their growth; there- 
fote experiments conducted for a shorter time in a manganese-free medium 
are not likely to give any indications as to the necessity of this element 
in the growth of plants. 

(9) ^The lack of manganese affects the production of the dry matter 
in plants, thus indicating that it has some very important function in 
carbon assimilation. 

(10) t2'he etiolated condition of the young and tender leaves and buds 
obtained in well-controlled experiments indicates that manganese has 
a function in the photosynthetic process and the formation of chlorophyll. 

(11) v^anganese apparently is essential for the normal growth and 
development of plants. 

(12) Further investigations on this subject are under way in which 
an attempt will be made to show the relation of manganese to other 
important phases of plant and animal life. 
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PLATE I 

A. —Radish plants in Volusia silt loam; MnS04 and plant nutrient added to No. 
3, 4, and 5. 

B. —^Volusia silt loam with CaCO|; MnS04 and plant nutrients added to No. 4, 
S, and 6 . 
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PLATE 2 


A. —Oats in sand; left, no Mn added; right, Mn added. 

B. —Canada field peas in sand; left, no Mn; right, Mn added. 




SWEET CLOVER INVESTIGATIONS ‘ 

By Ray E. Nbidio, Chemist, and Robert S. Snyder, Associate Chemist, Idaho Agri¬ 
cultural Experiment Station, University of Idaho 

COMPOSITION OF SWEET CLOVER HAY AND SILAGE 

Sweet clover has become an important crop in Idaho, not only from 
the standpoint of feeding value, but also because it is finding a place in a 
proper rotation system of cropping which is so necessary for diversified 
farming. Sweet clover is a legume that is comparatively easy to grow in 
all sections of the Northwest. Its value as a soil improver is rapidly 
becoming known to progressive farmers both in' the humid and semiarid 
regions. As a pasture crop, sweet clover is finding a much needed place 
on the farms of the Northwest. Its resistance to drought arid its great 
productiveness under the most adverse conditions warrants a place on 
everv farm. Recent indications are that sweet clover is an excellent 
crop jor alkali districts when the alkali concentration is too heavy for 
the ordinary hay crops. 

Since sweet clover is finding a place in a permanent agricultural system,, 
the following investigation was planned to determine the feeding value 
at various stages of growth, and also to determine the possibility of 
utilizing the crop for silage whenever conditions did not warrant making 
hay. It appeared to the writers that owing to the heavy yields of sweet 
clover that can be obtained on lands that are not adaptable to the growing 
of com or sunflowers, it would prove an excellent substitute for these 
crops for silage if it could be satisfactorily siloed in Idaho. Consequently 
the two varieties {Melilotus alba) or white, and {Melilotus officinalis), or 
yellow sweet clover, were studied. These two varieties were grown by 
the Agronomy Department in 1920, and were available for use in these 
investigations. 

stages selected 

In studying the varieties, two stages were selected for the yellow sweet 
clover. The first stage was the time when the plant was in blossom. At 
this stage the plant was 37 inches in height. In all samplings the yield of 
a definite area was determined, and from this the acre yield was calculated. 
When the plant was partly in blossom and partly in seed it was cut, and 
the authors called this the second stage. 

The samplings of the white sweet clover were made in three stages: 
First, before the plant was in blossom and when it was 49 inches in height; 
second, when the plant was beginning to blossom; and, third, in full 
blossom and when a few seeds were formed. 

The samples were prepared for analysis and for silage by cutting in 
small pieces in a small silage cutter. A portion of the cut sample was 
air dried and then analyzed for protein, ether extract, fiber, ash, and 
nitrogen-free extract. 'Hie remaining portion of the sample was used for 
silage. 

^ Aeceptod l«r puUicatloa Nov. 6. i9»». 
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PREPARATION OF THE SILAGE 

Quart milk bottles were used for making the sweet clover silage, since 
these had been used on other types of silage experiments and found to be 
very well suited for such work. 

%e technic of silage making was as follows: A quart milk bottle was 
packed with the freshly-cut sweet clover and, if lacking in moisture, 
sufficient water was added to raise the moisture content to 75 or 80 per 
cent. A large rubber stopper containing a glass tube was placed in the 
bottle vety tightly. This tube was bent at an angle so that its outer end 
was inserted into a beaker containing mercury. This arrangement 
allowed the fermentation gases, chiefly carbon dioxid, to escape from the 
bottle, but did not allow access of air to the silage. At the end of a few 
weeks, when the major fermentation had been completed, the bottles 
were opened and the silage examined. The acidity of the silage was 
determined, also the protein, ether extract, fiber, ash, and nitrogen-free 
extract. 

methods used 

In determining the composition of the sweet clovers at various stages 
of growth, the methods described by the Association of Official Agri¬ 
cultural Chemists were used.* The results on the composition are given 
for the various stages in Table I. 


* AssoaxnoN ot Ofucial Agriculturai, Chemists, ofvictal and tentative methods of analysis. 
AS COMPILED BY THE COMMITTEE ON REVISION OF METHODS. RcviSCd tO Nov. I. 1919. Xii, 41? p., 18 
Washington, D. C. 1930. Bibliographies at end of chapters. 



Table I .—Composition of sweet clover and sweet clover sii 
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ACIDITY OF SWEET CLOVER SILAGE 
methods of obtaining samples and determining acidity 

The silage was removed from the containers and 50 gm. were imme¬ 
diately weighed out and dried at 100° C. to determine the moisture 
content, '^e remaining silage was placed in a hydraulic press and the 
juice pressed out. Then 100 gm. of the juice was placed in a vacuum 
steam distilling flask, together with 5 cm. of normal sulphmic acid. The 
volatile acids were separated from the nonvolatile acids by distilling 
in a current of steam in a partial vacuum. Pom liters of the distillate 
were collected, which contained all the volatile acids. The distillate was 
neutralized with one-tenth normal barium hydroxid and evaporated 
to a small volume. The volatile acids were then freed from the barium 
salts by the addition of the theoretical amount of sulphuric acid. After 
filtering the bariu m sulphate, the solution was made up to volume 
and the volatile acids were quantitatively determined, using the methods 
described by one of the authors in a former publication. 

Total acidity was determined by titrating 10 gm. of expressed juice 
with one-tenth normal barium hydroxide. Nonvolatile acid was deter¬ 
mined by subtracting the centimeters of volatile acids found in 100 gm. 
of silage juice from &e total acidity deter m ination. The difference was 
calculated as lactic, or nonvolatile acid. The results of the volatile 
and nonvolatile acids are given in Table II, on the silage both with and 
without moisture. 


Table II .—Acidity of sweet clover silage^ 




H^ht 

Acre 

Amount of acids in xoo gm. wet 
silage. 

Variety. 

Stage of cutting. 





sweet 

clover. 

yield. 

Acetic. 

Pro¬ 

pionic. 

Lactic. 

Total. 

Yellow 

Do ... 
White. 

In blossom. 

In blossom and partly in S2cd. 

Before blossoming. 

Beginning to blossom . 

In. 

37 

37 

Tons. 
11.7 
zo. 9 

Per it. 
0 ' 37 i 
.694 

Per cl. 
0 . oil 

•054 

Per cl. 
1-399 

•853 

Per ci. 

I. 781 
z. 60X 
Z.88Z 

z. 604 

Do. 


14 

16.8 


. 021 


Do . 

In full blossom. 



X. 643 




3.13 

023 




Height 

1 

Amount of acids in xoo gm. dry 
silage. 

Variety. 

Stage of cutting . 

Acre 





sweet 

clover. 

yield. 

Acetic. 

Pro¬ 

pionic. 

Lactic. 

Total. 

Yellow. 

In blossom . 


Tons. 

II. *1 

Per ct. 

Per ct. 

Perct. 
5 - 7»8 

Perct. 

Do. 

In blossom and partly in seed. 

0 i 

37 

49 

X0.9 

8X 

a. 5x6 
3. 167 
z. 348 

.020 
• 06 

S- 627 

7 - 9*6 

White. 

Before blossoming. 

S‘ 091 
S-fi 99 
4.063 

Do. 

Beginning to blossom.. - -, - 

60 

60 

Do. 

In lull blossom. ,, 

xls 


$. SOX 

6 . 8 x 3 



I* X33 


5 * S 99 


DISCUSSION 

A comparison between the white and yellow sweet clover shows that 
the formCT is the higher yielding variety. It must be borne in mind that 
both varieties were grown side by side, hence were subjected to the same 
climatic rad soil conditions. The white sweet clover produced a taller 
and bushier plant than the yellow, which accounts for its greater yield. 
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In both varieties the first stage contained the larger percentage of 
water, as was expected. The later cutting were higher in dry matter. 
The only significant fact shown (Table I) is that the nitrogen or crude 
protein decreased and the crude fiber increased, the longer the sweet 
clover was allowed to grow. This is true for both varieties and clearly 
demonstrates that if the sweet clover is to be used for hay the early 
cutting should be chosen rather than the later stage. For silage purposes 
this conclusion is equally true, for there is slightly less crude fib^ and a 
slightly higher percentage of protein in the earlier stages of <iutting. 

T^e acidity determinations show that a normal silage fermentation 
takes place when sweet clover is siloed. The silage samples all had the 
characteristic silage acids and odor and were classed as excellent silage. 

It is not the purpose of this paper to advise the growing of sweet 
clover for silage rather than com or sunflowers, but under certain condi¬ 
tions it is thought that sweet clover can be so used to advantage. In its 
use as a pasture crop one of the chief difficulties encountered is to pasture 
sufficient stock upon the sweet clover to keep down the growth. In 
many cases the sweet clover grows so rapidly that the growth exceeds 
the pasture requirements and a portion of the sweet clover attains a 
considerable height. It is thought that in such conditions, where the 
crop may not make the best hay, it can well be used for silage, since the 
stalks, if they have been allowed to become too mature, will soften up 
materially in the silo. Two purposes have been accomplished when a 
sweet clover crop from pasture land has been used in this manner. First, 
the food value of the excess growth has been saved and, second, the 
pasture has been improved by removing the excess grov^, and new 
tender shoots will appear. 

The fact that sweet clover is a legume and acts as a soil improver and 
gives a comparatively high yield of green material under the most advert 
conditions of drought, tends to make it a promising crop for the silo in 
many parts of the Northwest. 





GROWTH AND COMPOSITION OF ORANGE TREES IN 
SAND AND SOIL CULTURES ‘ 


By H. S. Rsed, Professor of Plant Physiology^ and A. R. C. Haas, Assistant Professor 
of Plant Physiology, College of Agriculture, University of California 

The lithited control over the factors of nutrition operating in the field 
(zo)* (4) has, perhaps, contributed in a large measure to the hetero¬ 
geneous array of causes assigned to specific effects. Before any explana¬ 
tion of so-called nutritional disturbances of citrus trees can be accepted, 
they must be produced experimentally under conditions admitting of 
scientific analysis. The method subsequently described for growing 
citrus trees under controlled conditions should make such an analysis 
possible. The present paper deals with a comparison of the growth and 
composition of trees when grown in sand and in soil cultures. 

It is important to determine, first, whether citrus trees can be grown 
successfully for several years in sand cultures receiving only inorganic 
salt solutions; second, whether the growth obtained in sand receiving a 
nutrient solution (which has been shown to be well suited to the growth 
of barley) compares favorably with that obtained in soil receiving oc¬ 
casional additions of the same nutrients; and, third, how the composition 
of the trees grown in sand compares with that of the trees grown in soil. 

The importance of the method and the successful results thus far ob¬ 
tained seem to justify a brief description of the way in which these 
cultures were installed and cared for. The procedure to be described 
was adopted only after considerable study and experimentation. 

As experiments upon trees are usually of long duration, adequate 
protection and cultural attention are quite essential. A screened en¬ 
closure with suitable windbreaks provided the necessary protection 
against animals and destructive winds. The experiments were conducted 
in sheet-iron tanks and in large galvanized iron cans. The former were 
sunk in the ground; the latter were placed in trenches for protection from 
the direct rays of the sun. 

The trenches were 28 inches to 30 inches wide, about 3 feet deep, and 
were lined on both sides with boards. In the bottom of each trench were 
two 2-inch by 4-inch pieces of redwood extending the entire length of the 
trench, which served as supports for the cans and prevented rusting. 
Thus far it has not been found necessary to provide wooden covers for 
the trenches. The necessary protection against rain has been obtained 
by placing frames of roofing paper on wooden trapezes swung by wires 
from the roof of the enclosure. 

Each of the galvanized iron cans (PI. 1, A) is about 20 inches in diam¬ 
eter and about 26 inches in depth. In order to have a means of weighing 
the cans, three wrought-iron lugs X i^^ch by i inch, each bearing a three- 
eighths inch hole at the top, were fastened by bolts to the inside of the 
heavy upper rim. The lugs were equally spaced around the rim and pro¬ 
truded ^ough holes cut in the lid (PI. i, B). 

^ Accepted for publication Nov. 6, loaa. Paper No. 77, University of California. Graduate School of 
Tropical Agriculture and Citrus Bxpenment Station, Riverside. Calif. 

* Reference is made by number (italic) to “Literature cited,” p. 8r3-«i4. 
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A 4-mch hole was cut in the center of each lid to accommodate th 
tree. About midway betweeu this center hole and the lid margin, fou 
equally spaced ij^-inch holes were cut, through which solutions coul( 
be poured. These holes were corked when not in use. The insid 
surface of the can was given a heavy coat of asphalt paint. 

The sand used in the cans upon mechanical anal3rsis showed th< 
following percentage composition: 


Size by screen (meshes per inch) ; 

Larger than ao mew. 

20 to 40. 

40 to 60. 

60 to 80. 

80 to 100. 

Smaller than 100. 


Per cent 
< 


7.8. 

54 - 
21.6^ 
16. 


Chemical analysis of the sand showed 99 per cent silica, 0.2 per cent 
volatile matter, and 0.8 per cent total water-soluble solids (other than 
silica or volatile matter), much of which was iron. 

A i-inch pipe, inserted through the lid and extending to the base of 
the can, provided a means for removing drainage water. About it and 
to a depth of 4 to 6 inches was placed a well-compacted layer of pure 
quartz rock crushed to about one-fourth to one-half inch in diameter, 
to prevent the sand from blocking the drainage system. The sand was 
added gradually and thoroughly moistened and settled before further 
additions, care being taken to avoid the use of excessive amounts of 
water, '^en the can was filled with sand to within about 2 inches 
from the top, the excess of water used in filling the can was at once 
removed through the outlet pipe. 

The drainage water was removed by means of powerful air-suction (7) 
(Gardner-Rix vacuum pump run by one-half horsepower motor, with a 
capacity of 9 cubic feet per minute), six to eight cans being usually drained 
in one operation. 

A slender iron tube (PI. i, B) was inserted through the drainage pipe 
to the bottom of the can whenever it was necessary to remove drainage 
water. As a means of excluding sand the lower end of the drainage 
tube was covered with a piece of fine tin screen. Excellent results over 
a period of years are readily obtained if the drainage water is removed 
as rapidly as it enters the drainage pipe. Plate i, B, shows one of the 
drainage bottles removed from its wooden rack and raised so as to show 
the general scheme used in removing the drainage water. 

The air outlet from each drainage bottle is provided with a gas cock 
by means of which the rate of flow into eadi bottle can be reflated. 

A 2-year-old Valencia orange tree was planted in each can after the 
soil was thoroughly removed from the roots by repeated washing. The 
root system was pruned until only a small part remained. The upper 
portion of the tree was also pruned (PI. i. A); the lateral shoots and the 
leaves were removed and the cut surfaces covered with asphalt paint. 
Where it Mvas not desired to exclude calcium from the culture, the trees 
were given a coat of whitewash. Where whitewash was not applied, a 
cylinder of wire netting was placed about the tree and the east and south 
sides were protected with cheesedoth attached to the wire. When the 
tnmk was shaded by new shoots, the cloth protector was removed, 
preferably during cloudy or foggy weather. After the tree was planted 
in the sand wd the lid was placed on the can a piece of white oilcloth, 
with a hole in the center, was slipped down over die tree trunk and was 
fastened to the lid with asphalt paint. A thin wad of cotton was placed 
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between the oilcloth and the tree. A cylinder of heavy brown wrapping 
paper was placed about the base of each trunk to give added protection 
from sunburn. 

Where soil was emplo3red the cans were prepared as stated before, 
which made possible the removal of salts while the tree was in the soil. 
Wilting-point determinations were made on the soils and they were then 
brought to a suitable water content prior to being gently compacted in 
the cans. 

In the case of sand, additions of carbon-treated distilled water were 
continued until the first indications of drainage water appeared in the 
drainage pipe. Air suction was then applied. Nutrient solutions (6 to 
9 liters or more) made up with carbon-treated distilled water were then 
added and the drainage continued until complete. If drainage water 
appeared later in the bottom of the cans, the air-suction was again ap¬ 
plied until all the free solution had been removed. The problem of drain¬ 
age was subsequently simplified by providing a means for gravity drain¬ 
age. The cans were placed on supports over the trenches and a short 
iron pipe was inserted into the bottom of each can. As drainage water 
percolated to the bottom of the can, it dripped through the short pipe 
into a bottle standing in the trench. This arrangement is decidedly 
advantageous because it precludes the accumulation of water in the 
bottom of the can and also materially lessens the amount of labor 
required in caring for the cultures. The cans were shielded from the 
direct rays of the sun by housing them in a wooden box. The treat¬ 
ments were applied every one to three weeks as conditions required. 
During hot weather a small tree growing in sand (about 225 pounds of 
moist sand) may require from 24 to 30 liters of distilled water each 20 
days. A Bamstead still capable of giving 5 gallons of distilled water 
per hour, with a block-tin-coated tank capable of storing 2,000-2,500 
liters of distilled water, and 24 large carboys for treating the distilled 
water with carbon black together with filtering facilities, have made it 
possible to maintain in operation 136 trees in cans as well as several 
trees in tanks of sand. 

In the case of cans of soil when drainage water may not be desired, 
the weighing device patterned after that of Briggs and Shantz (2) is 
used (PI. I, C). A windlass with wire rope and pulleys is mounted on a 
frame work of 2-inch galvanized-iron piping to which wide swivel castors 
are attached. Two spring scales with circular disks, 500 and 600 pounds 
capacity, respectively, are used for bringing the cans to constant weight. 
As the trees develop in cans of soil, it is necessary to make allowance for 
the increased weight of the tree in order to maintain suitable moisture 
content of the soil. The criteria used for this purpose are, appearance 
of the tree, presence or absence of drainage water, and appearance of 
the surface of the soil upon slightly raising the lid, or preferably by 
examining a sample of the soil. It is a good practice occasionally to raise 
the lids of the cans of soil to ascertain whether channels have been 
formed in the surface layers. It is best to weigh the cans frequently, 
since if large additions of solution are required, channels may appear 
throughout the soil and drainage water may appear without much of the 
soil being appreciably above the wilting point. 

In order to carry on experiments with trees for a longer period of 
years, containers of a larger capacity than that of the cans are necessary. 
Tanks of two sizes are being used. The smaller are 3 feet 8 inches in 
diameter by 4 feet deep (PI. 2, A), the larger are 7 feet 8 inches in diam- 
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eter by 4 feet 4 inches deep (PI. 3, A). The bott<Mn of eadi tank tapers 
toward tile center, which is 6 Inches deeper than the circumference. 

The center of the bottom of each tank bears a perforated brass plate, 
beneath which is attached a 4-inch elbow that connects with 2-inch 
galvanized-iron piping leading to a trench. Each tank has its individual 
drainage outfet. Crushed quartz rock was placed in the bottom of each 
tank above which is placed sand or soil, as the case may be. 

The nutrient solution employed in the present experiments was that 
used by Hoagland (5) in the culture of barley. Filtwed carbon-treated 
distilled water was used whenever water was required. The stock 
solutions were made up as follows: 


Solution A. am. 

KNO3.1,200 

MgS04+7H*0.1,800 

NaCl. SS 

HjO to give volume of 18 liters. 

Solution B. 

Ca(N03)2-|-4H20.2,600 

HjO to give volume of 18 liters. 

Solution C. 

KH2PO4. 900 

H2O to give volume of 18 liters. 

Solution G. 

MnS04-i-4 H2O. o. 406 

H3O to give voltmie of 2 liters. 


The nutrient solution was prepared by using the following amounts 
of the stock solutions; 55 cc. of solution A, 65 cc. of solution B, 30 cc. of 

solution C, and 20 cc. of solution G, made up to 10 liters with distilled 

water. 

The nutrient solution as thus made had a Pg of 5.2 and an osmotic 
pressure of 0.728 atmospheres. The composition of the nutrient solution 
was as follows: 

Parts per million. 

NOt SO^ K Ca POt Mg Cl Na Fe Mn Total 

718 2i 6 185 159 105 54 10 7 1 o. I 1455 

The iron was not added to the nutrient solutions until they were ready 
to be added to the cultures. As a rule 5 to 10 parts per million of Fe 
were used in the nutrient solution, the plan being to have sufBcient Fe 
present, as indicated largely by the appearance of the tree. Small 
quantities of ferric tartrate were subsequently added whenever the 
cultures were irrigated. 

The trees were planted on May 21, 1920, and were removed September 
20, 1921. Trees i and 2 were typical of the sand cultures (1-5), and 
tree 85 was typical of the soil cultures (84-88). The tree in can 2 was 
much smaller tihan the others in its series at the start, although it made 
excellent growth. 

Plate 2 B, is a photograph of trees i, 2 and 3 taken August 20, 1921. 
The photograph indicates tiiat citrus trees can be grown in pure sand to 
which no organic matter has been added, except the small amount as 
iron tartrate. Plate 4 shows the leaves of tree No. 3 which were typical 
of the series, being dark green in color and giving no indications of mal¬ 
nutrition. 

Ihis is of interest in connection with the results (j) of field studies in 
which it was found that low humus content of the soil was associated 
with the mottling of orange trees and also that applications of organic 
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fertilizers tended to reduce the amount of mottling. Although the 
authors have grown 23 orange trees in sand cultures and 5 in soil receiving 
various concentrations of an inorganic nutrient solution, no typical 
mottle-leaf has been found as yet on any of the trees. 

A word of caution is here necessary as regards the choice of orange 
trees for sand cultures. It seems best to use trees which are free from 
mottle-leaf, although trees which previously bore mottled leaves may 
present no difficulties after their behavior is once known. When mottled 
trees have been used in sand cultures receiving Hoaglands solution, and 
the leaves, shoots, rootlets, etc., removed as before stated, the first cycle 
of growth may bear a few mottled leaves most of which may recover, but 
the subsequent cycles have thus far been free from any evidence of 
mottling. 

In order to observe the effect of the sand on the Pg of the solution, 
some of the nutrient solution was placed in liter Erlenmeyer flasks closed 
with rubber stoppers. Sand was added to one flask, shaken, and allowed 
to stand from December 29, 1920, to January 24, 1921. Ihe Ph of the 
nutrient without sand had not changed, while that in contact with sand 
had increased from 5.2 to 5.9. Other culture solutions treated in this 
manner gave similar results. Shive (9) has reported that the reaction 
of his nutrient solution was not markedly altered by contact with un¬ 
washed sand. He finds that sand has an initial adsorptive effect but this 
is soon satisfied in sand cultures where the nutrient solution is renewed 
frequently. The increase in the Ph of the solution in contact with the 
sand was probably due to chemical reactions and not to adsorption. 

The adsorptive property of unwashed sand probably was due to the 
very finely divided colloidal or semicolloidal material which was removed 
from the sand in the process of washing. The Ph values of percolates 
from the cans were determined from time to time to learn whether 
material changes ensued after prolonged contact with the sand and tree 
roots. The results of several determinations on percolates from cans 
I and 2 are given in Table I. The first two determinations showed the 
increase when a nutrient solution having an initial Ph of 5.2 was allowed 
to percolate through the sand of one of the cans. The other determina¬ 
tions show the changes in Ph when distilled water was allowed to per¬ 
colate through the sand. These determinations are more variable, owing 
in part to the fact that the distilled water washed out varying quantities 
of the residual nutrient solution. In every case the Ph of the percolate 
tends to move in the direction of neutrality. 


Table I.— Ph values of nutrient solution and percolate from trees grown in sand cultures 


Date. 

Application. 

Amount 1 
of pcrco- I 
late col- 1 
lec'ted. 

Tree 

No. 

Ph of per¬ 
colate. 

1920: j 

Nutrient solution. 

Cc. 

100 

I 

6.8 

Do.1 

.do. 

TOO 

2 

6. 7 

Nov 29 - 

Distilled water. 

500 

500 

I 

7-25 

6.6 

Do . . 

.do. 

2 

1921; 



Mar. 28. 

.do. 

soo 

500 

10 

I 

5*4 
6. 5 

Do. 

.do. 

2 

Apr. 20. 

., do. 

1 

5-9 
6. 7 

Do. 

.do. 

10 

2 
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The osmotic pressure of the sap of leaves from trees in the sand cul¬ 
tures was 20.80 atmospheres and that of leaves from the soil cultures 
was 21.03 atmospheres. The Ph of the former was 6.00 and that of the 
latter 5.80. We can not regard these differences as very significant. 

Can 85, as well as the other cans of the series 84-88, inclusive, con¬ 
tained soil obtained from an uncultivated hillside near Riverside, Calif. 

The hygroscopic moisture content of the soil was determined and the 
soil was brought to a suitable moisture content. 

The cans of soil were brought to a given weight at frequent intervals 
by the addition of distilled water or nutrient. During the experimental 
period (May 21, 1920, to September 20, 1921) can 85 received the fol¬ 
lowing additions of salts. 


Salts. 

Amounts 

added. 

KNO,. 

Gm. 

9.89 

14. 85 

0. 46 
25.27 

4 * OS 

0. 17 

1 0.0108 

Mgsd.+rHjO. 

NaCl. 

Ca(N0,),+4H20. 

KH-iPO,. 

Pc2( C 4 H 40 e )3 . 

MnS04+4HoO. 


Plate 3, B, shows a t)rpical tree in the soil series (84-88). The growth 
in sand compared very favorably with that in soil. 

In November, 1920, after the addition of distilled water to cans i and 
2, the first 500 cc. of percolate obtained from both cans were anal)rzed 
for the PO4 and NO, content. The results given below indicate that an 
excess of both ions was present. 


Parts per million. 



PO4 

NO, 

Can I. 

55-7 

65-5 

3«9 

886 

Can 2. 



The soil in can 85 received only distilled water from May, 1920, to May, 
1921, after which tap water was used. Hoagland’s nutrient was occasionally 
added. Soil samples were taken from can 85 onOctober 8, i92o,andalsoin 
September, 1921. A partial anal3rsis of a i to 5 aqueous extract of the dried 
soil gave the following results when expressed in terms of the dried soil: 


Ca. 

Mg. 9 

Na-|-K (calculated as Na). 3 

Total solids as sulfates. 128 

SiO,. 


Soil samples from can 8 $, October 8 , ipzo. 
Parts per million. 


19 


Parts per million. 

Cl. 18 

HCO3. 76 

SO4. IS 

NO,. 40 

Ph of extract (colorimetric). 6.6 


Ca.. 

Mg. 

Na. 

K. 


Soil samples from can 8 $^ September, IQ2Z 
Parts per million. 


i8 

8 

4 

27 


Total solids. 313 




36 


Puts per mllUon. 

Cl. 31 

HCO,. 61 

SO4. 44 

NO,. 32 

Ph of extract (colorimetric). 6.6 * 
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The trees were removed from cans i, 2, and 85 on September 20, 
1921. Tree 85 was free from mottle-leaf, as were all the trees in the 
soil smes, and was making excellent growth. Plate 5, A, shows the 
air-diied root S)^tems of trees i and 85, grown in sand and in soil respec¬ 
tively. It is evident that starting with trees of nearly similar size, as 
good growth may be obtained in sand as in soil cultures. The root 
systems obtained in the sand cultures were somewhat coarser than those 
obtained in the soil cultures, the root system in the soil cultures being 
extremely fibrous (PI. 5, B). 

The initial operation in removing a tree from the can was to remove 
and count the leaves, which were then cleaned with a dry cloth. 'Die 
shoots were removed at the trunk and after being cut up finely were 
placed in paper bags. The lid of the can was then removed and soil 
samples taken. The root system was obtained intact by washing the 
sand or soil from the tilted can with a strong jet of water. After care¬ 
fully removing the adhering sand or soil from the rootlets with tap 
water, they were washed with distilled water. The upper portion of the 
tree axis was sawed off close to the first lateral root and was designated 
as the trunk. In cases where the trunk had been previously coated 
with whitewash it was cleaned with a soft scrubbing brush and tap 
water and then rinsed with distilled water. 

When air dry the trunk was further cleaned with a soft wire brush. 
All new root laterals formed subsequent to the planting of the tree 
were removed, placed in bags, and were designated as “rootlets.” The 
root axis, togelber with any pruned laterals which were present when 
the tree was first planted in ^e can, were designated as “root.” The 
root was thoroughly cleaned with the use of a soft wire brush. 

The several portions of each tree were dried to constant weight at 
60° to 70° C. The rootlets were then shaken in the upper compartment 
of a set of soil sieves, to remove as much adhering matter as possible. 
In spite of the care taken in cleaning the rootlets the amount of silica 
still adhering to them was sufficient to require the calculation of ana¬ 
lytical results to a silica-free basis. In the case of trees grown in soil 
the task of obtaining clean rootlets was so difficult that determinations 
of ash constituents were omitted from the analyses. 

The dry weight, number of leaves, and water transpired for each of 
the three trees are given in Table II. 


Table II .—The dry weight of various portions of the trees, the number of leaves, and the 

water transpired 


Tree 

No. 

Num¬ 
ber of 
leaves 
on 
tree. 


Dry weight (60® to 70' 

’C.). 


Total 

nu¬ 

trient 

added. 

ToUl 

dis¬ 

tilled 

water 

added. 

i 

Total 

drain¬ 

age 

water. 

Trans¬ 

pira¬ 

tion. 

Total 
trans¬ 
piration 
per 
total 
dry 
weight 
of trees. 

IfCaves. 

Shoots. 

Trunk. 

Root. 

Root¬ 

lets, 

Total. 



Gtn. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Liters. 

Liters 

Lttets. 

Liters. 

1 

X 

996 

937.1 

122. 5 

194 

919 

136 

901.6 

343 

125 

139-5 

298 

o- 353 

3 

309 

76. 5 

20. 7 

196 

64 

57 

344-3 

187 

h** 

*73 

97 

0. 989 

85 

I»049 j 

205.9 

96 

140.5 

135 

139-5 

706.9 

097 

0 2g 

0 

166 

1 0.935 


« After May, 1991. * May, 1930, to May, 1991. Tap water after May, 1991,110.2 liters. 


When the trees were removed from the cans, their appearance was 
noted. Tree i was an excellent tree with lar^ top and splendid foliage. 
A few leaves tended to split along the midribs. The root system was 
large, well developed, and filled practically the entire can. 
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Tree 2 was the smallest in its series, but was smallest when planted. 
The leaves were excellent. The lowermost portion of the root axis had 
died, but a large mass of healthy laterals developed directly above the 
dead portion. Tree 85 was splendidly developed and was typical of its 
series. The rootlets were much more finely divided than in the sand 
series (PI. 5, A, B). 

The dry leaves, shoots, and rootlets were passed through a large hand 
mill, and any pieces remaining underground were removed. The trunk 
and root portions were sawed into thin sections, the sawdust being used 
to represent the trunk and root, respectively. 

When ready for analysis the samples were thoroughly mixed and so 
far as the material available permitted duplicate determinations were 
run. The methods of analysis employed were essentially those used 
by Kelley and Cummins (d) in their analyses of citrus material. Manga¬ 
nese was determined colorimetrically by the persulphate method, which is 
very satisfactory for small amounts (ix). Iron was also determined 
colorimetrically. A few sodium and potassium determinations were 
made, using the filtrate after the Fe, Al, PO4, Ca and Mg were removed, 
but the analyses indicated that low results were obtained. Subse¬ 
quently more satisfactory results were obtained by using the filtrate 
from the sulphate determination. 

The analytical results for the several portions of each tree are pre¬ 
sented in Tables III to VII, inclusive. The data have been calculated 
as percentage of dry matter and as percentage of ash. The figures given 
are the averages of two closely agreeing duplicates. It is seen that the 
total percentage of the ash approximates 100 in most cases, but in none 
reaches it. Those who are familiar with the details of analytical work 
of this kind appreciate its difiBculties. If the reader be one who insists 
upon total percentages equaling 100 the authors can merely say, in com¬ 
mon with other workers in this field, “peccavimus.” 

Table III .—Analyses of leaves 
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Tabls IV .—Analyses of shoots 


Element. 


N..: 

s. 

p.... 

Ash.. 

K .. 

Na. .. 

Ca... 

Mg... 

Mn.. 

Fe.. 

Al... 

Cl... 

CO,.. 

504.. 

510.. 

PO,. 


Expressed as dry matter. 


Tree x. Tree 


Per cent, 

I- 55 


Per cent, 
I. 76 


Tree 85. 


Per cent. 
0.79 


Expressed as ash. 


Tree i. 


Per cent. 


Tree 2. Tree 85. 


Per cent. 


Per cent. 


Total. 


O. 31 

6. 81 
I* 15 
O- 13 

I. 46 
O. 21 

o. 001 

O. 02 

o. to 
0. or 


o. II 


o. 23 
8. 30 

I. 22 

o. 27 
1.88 
O. 22 
O. 002 
O. 02 
O. 10 
O. 01 


O. 13 


o. 14 

5-69 

O- S."? 
o. 08 
1.58 
o. 18 
Trace, 
o. 05 
o. 07 

O. 01 


o. 16 


16.85 

. 1 

14 .47 

1 . 

9-79 

1.88 

3 * 23 

I. 47 

21* 34 

22. 62 

27.71 

3.06 

2. 67 

>^ 3 ' 19 

0 . 03 

0. 02 

Trace. 

0.32 

0. 23 

0. 89 

I. 46 

I-15 

1-15 

0. 14 

0. II 

0. 21 

35 - 90 

39-91 

40 * 95 

3 -13 

2.38 

3* 01 

I* 53 

1.48 

2. 75 

8. 58 

7. 64 

6. 45 


94.31 


95 - 91 


97 - 57 


Table V .—Analyses of trunks 


Element. 

Expressed as dry- matter 

Expressed as ash. 








Tree i 

Tree 2 

Tree 8<f. 

Tree i. 

Tree 2. 

Tree 85. 


Per cent. 

Per cent. 

Per lent 

Per cent 

Per cent. 

Per cent. 

N. 

0.05 

0.15 

0. 40 




vS. 

0.03 

0. 07 

0. 03 




P . . 

0 . OQ 

0. II 

0.07 




.\sh. 

2.85 

3- 22 

2. 08 




K. 

0-39 

0-31 

0. 22 

13 * 57 

9.40 

10. 57 

Na. 

0. 18 

0. 24 

0 . II 

6.03 

7 - 45 

4.80 

Ca. 

0. 68 

0.80 

0- 5 ^ 

23- 91 

24.77 

24. 20 

Mg. 

0. 09 

0. 09 

0. 07 

3.12 

2.77 

3 - 09 

Mn.1 

Trace. 

Trace. 

Trace. 




Fc. 

0.003 

0. 02 

0. 01 

0.11 

0. 40 

0- 51 

Al. 

0.09 

0.16 

0. OQ 

3.06 

4. 92 

4 - 4 Q 

Cl. 


0. 001 

0. 006 


0. 04 

0. 28 

CO,. 

1 Trace. 

i 



38. 02 

34. 18 

33 * 45 

so,. 

1 

’ . ' ,.i 


I. 96 

3*46 

4. 51 

SiOs. 

0.04 

0. II 

0. 06 

1-31 

3 - 15 

2.94 

PO,. 



1 ■ ■ 

5 -II 

3 - 70 

3-97 

Total 

. 

j 

96. 20 

94. 24 

92.87 


i 

1 
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TablS VI .—Analyses of roots 


Element. 

Expressed as diy matter. 

Expressed as ash. 

Tree I. 

Tree a. 

Tree 85. 

Tree i. 

Tree a. 

Tree 85. 

N. 

Per cent 

I. 01 

Per cent. 

0. 98 

0.13 

a. 08 

Per cent. 

0. 82 

Per cent. 

Per cent. 

Per cent. 

s. 

0. 01 

0. 06 




Ash. 

3-03 

0.36 

0. 14 

0. 7a 

0. 08 
Trace. 

2. 77 

0. 28 

0.07 

0. 70 

0. 05 
Trace. 




K. 

Na. 

Ca. 

Mg. 

Mn. 

0 .33 

0.10 

0. 71 

0.09 
Trace. 

II. 74 
4 * 33 
23 * 77 
2. 69 

«>S 5 

33.06 
3.87 

10.05 
2. 42 
25, 26 
I- 74 

Fe. 

Al. 

Cl. 

CO,. 

0.02 

0.08 
0.003 

0.02 
0.13 

0.006 

0.02 

0.07 

0.016 

0. 50 
2.41 
0. 09 
38. 28 
2 ‘ 5 I 
2. 75 
7 - 74 

0.49 

4. 10 
0. 17 

33-15 

4*47 
4. 68 

9-43 

0.63 
»- 3 S 
0-59 
41.17 
3.38 
S- 3 S 
5 - S 5 

S04. 




*^'^4 . ‘ • 

SiO,. 

PO,. 

0.08 

0.14 

0* 15 

* ^4 • *. 




Total. 




96. 81 

96.12 

97 * 49 





Tablb VII.- 

-Analyses of rootlets calculated to a silica free basis 


Element. 


jaxpressea as ary 
matter. 

Expressed as ash. 




Tree x. 

Tree a. 

Tree i. 

Tree 2. 

N. » . 

s. . 

2. 26 
0. 29 
0. 69 
11*93 

2. 04 
0.12 
2.36 
0.36 
0 - 02 

2. 22 
0. 27 
0. 56 
11. 19 

2.38 

0. 09 
2. 01 

O* 34 
0.02 

0. 04 
0.36 

0. 13 



P. .i 



Ash. 





K. 



17.14 

1.02 

IQ. 78 

3.06 
0. 16 

0. 30 
3 * 03 

0. 89 
22 2 c 

21. 24 
0. 82 
17.98 

2. 98 
0.19 
0. 28 

3. 22 

I. 12 

24 00 

Na. . 

Ca. . 

Mk. . 

Mn . . 

Fe. . 

0. 04 

0. 36 

0. 12 

Al. . 

Cl. 

CO.. 

SO4. 





8.89 • 
19.65 

8. 46 
14. 63 

PO4. 










Total . 





96.17 

r\A C\T 

1 





In the analyses reported by Kelley and Cummins (d) the carbonates 
of the ash were not determined. At their sug^tion these determina¬ 
tions have been included in the present stud^. With rootlets it is 
practically impossible to remove all of the adhering sand, and conse¬ 
quently the results obtained for the rootlets (Table VII) have been 
calculated as percentages on a silica-free basis. The rootlets of tree 85 
(soil culture) could not be sufficiently freed from adhering soil to permit 
of satisfactory analyses. 
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The precautions necessary in distinguishing between cause and effect, 
when interpreting analytical data of plant tissue, have already been 
emphasized (6). In the dry matter there is a progressive decrease in 
the percentage of total nitrogen in the sand and soil cultures as we pass 
from the leaves toward the root, where there may be a slight increase 
which becomes augmented in the rootlets, whose percentage is consider¬ 
ably below that found in the leaves but greater than that foimd in the 
shoots. 

The percentage of total sulphur was approximately the same for the 
corresponding parts of the trees in both sand and soil, the shoots and root 
in every case containing but a trace. 

The percentage of total phosphorus was usually somewhat greater 
for the sand than for the soil cultures. The leaves and shoots contained 
approximately the same percentage of total phosphorus; while the trunk 
and roots contained considerably less, with an appreciable increase in 
the rootlets above that of the roots. 

We find the total ash content of the parts examined to be greater in 
each case for the sand than for the soil culture. The ash of tiie leaves 
was approximately double that of the shoots which in turn was more 
than double that <5f the trunk and root. 

No significant difference as regards total ash existed between the trunk 
and root. It is of interest to note that the leaves and rootlets contain in 
their dry matter the greatest percentage of total ash and of nitrogen, 
which no doubt indicates that here the assimilatory processes are most 
active. 

The percentage of COj constitutes approximately foim-tenths of the 
total ash, except in the rootlets, where it is only about two-tenths. The 
large percentage of CO, found in the ash of various parts of the citrus tree 
may indicate that not only the leaves, but the other portions of the tree 
as well, contain large quantities of organic acids. 

The percentage of SiO, in the ash varies widely in the various parts. 

The percentage content of potassium (K) in the ash of citrus leaves 
obtained in the field (Kelley and Cummins (<$)) was approximately 20 
per cent when i week old, 13 per cent when 6 weeks old, 6 per cent when 
6 months to 2 years old, and 2 per cent when 3 or more years old. In the 
sand cultures the potassium constituted approximately 25 per cent of the 
total ash of the leaves, about 17 per cent of that of the shoots and about 11 
per cent of that of the trunk and roots, respectively. In the soil culture, 
the potassium in the ash of all parts of the tree examined was approxi¬ 
mately 10 per cent. The leaves collected from trees in these cultures prob¬ 
ably ranged from 3 to 17 months of age and therefore represent a mixed 
sample so far as age is concerned. The data for potassium indicate that 
not only the age of the leaf but also the composition of the medium in 
which die tree grew may influence the percentage content of potassium 
in the various parts. The data do not necessarily conflict therefore with 
those obtained by Kelley and Cummins. 

The sodium (Na) content of the ash of the leaves and shoots is rela¬ 
tively snyall compared with that of potassium. The difficulty of accu¬ 
rately determinmg a small amount of Na in presence of considerable 
amounts of K will be appreciated by those familiar with analytical work. 
The data show that the trunk and root contain a much larger percentage 
of soditmi in die a^ than either the leaves or shoots. As the location of 
the soffium stocage in citrus trees is of considemble interest and the data 
thus far obtained are too nmtger to justify any far-reaching assumptions, 
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we will reserve further discussion of the matter until the results of experi¬ 
ments in sand, in which the culture solution contained large amounts of 
sodium chlorid, have been reported. 

Ilie percentages of calcium (Ca) in the ash of the leaves and shoots of 
the soil culture were higher than for the sand cultures; the trunk and 
roots contained, approximately, the same percentages respectively in all 
three cultures. The calcium in the total ash varied from i8 to 30 per 
cent in the various parts in both sand and soil cultures. The percentage 
content of calcium in the leaves of the sand cultures was considerably 
lower tlian that of the soil culture, while the potassium relation was the 
reverse of this. These as well as previous analyses have shown that citrus 
trees have a large capacity for absorbing calcium. Coville with the aid 
of Breazeale (j) has reported the percentage of calcium oxid in the ash 
of other trees as compared with that of citrus. They have found that the 
percentage of CaO in dried freshly fallen leaves ranged from 1.73 per 
cent in Red Oak {Quercus rubra), to 6.77 per cent in orange (Citrus 
aurantium) with 10 other species of forest trees having intermediate 
values, basswood (TUia Americana) attaining the second highest per¬ 
centage, or 4.50 per cent. 

It is of interest to note the consistently low percentage of magnesium 
(Mg) in the ash of the various parts of the trees in the sand and soil 
cultures. 

The p^centage of aluminum (Al) in the ash of the trunk, root, and 
rootlets is greater than that of the leaves or shoots. The small {>er- 
centage of aluminum in the ash of the leaves and shoots indicates that 
these parts of the trees were thoroughly cleaned from adhering dust. 
As the nutrient medium used in the sand cultures contained no aluminum, 
we would expect the trees in these cultures to contain but little. 

The percentage of iron (Pe) in the ash of the various parts of the three 
trees ranged from 0.2 to 0.9 per cent. The percentage of manganese 
(Mn) was usually very low. The percentage of dilorin (Q) in the ash 
ranged usually below 1.2 per cent. The percentage of sulphate (SO4) 
present in the ash was consido^bly higher than that of dilorin, ^ing 
2 to 5 per cent, although the rootlets in the sand culture diowed over 8 
per cent. 

The percentage of phosphate (PO4) in the ash of the dioots was con¬ 
siderably higher in both the sand and soil cultures than ^at of the 
leaves, with a decrease in the trunks and an increase in the roots. Ihe 
adi of the rootlets in the sand cultures contained about 17 per cent 
pho^hate as compared with 8 per cent in the ash of the dioots and 4 
per cent in that of the leaves. 

It is of interest to note ^e high percentage content of K, Ca, and 
PO4 in the ash of the rootlets in &e sand culture, constituting over 50 
per cent of the adi of the rootlets, with a marked reduction in the per¬ 
centage of CO,. The percentage of silica-free adi in the rootlets ap- 
proadies that in the leaves and is much greater than that in the dioots, 
trunk, or root 

The percentage of PO4 in the ash of rootlets was greater than for any 
other portion of the tree. The largest percentages of nuneral cemstitu- 
ents appear to be dqiosited in those parts of the tree in which the assimi- 
latory processes are most active. 

The sap of dtrus leaves possesses the pow^ to neutralize condderable 
base. K^ey and Cummins (d) have diowh tiiat 10 cc. normal teaf 
sap required 3 cc. of N/io alkali for neutralization, white mottle-leaf 
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sap required 7.05 cc. of N/io alkali. Protein formation or decomposi¬ 
tion may bring about the formation of organic adds {8, p. 237-249). 
Since a large portion of the calcium in many plants is used for the neu¬ 
tralization of adds, there should be more calcium in plants producing 
large amounts of add. The analyses indicate that this may be the case 
wi& orange trees, namely, that one of the chief functions of calcium in 
the tree may be the neutralization of the organic acids. Opportunity 
to test out this hypothesis further will be afforded in cultures now 
growing. 

SUMMARY 

(1) Data have been presented to show that the nutrition of young 
trees may be studied in a quantitative way under controlled conditions 
by the procedure described. 

(2) 'ne reaction of the nutrient solution used shifted from Ph 5.2 to 
5.9 when the solution was in contact with sand, and further toward the 
neutral point when in contact with sand containing citrus rootlets. 

(3) The rdative amounts of new ^wth product by the trees grown 
in sand or soil cultures were quite similar vdien one estimates the ratio 
between total wd^t and the dry wdght corresponding portions. 
The ratio of total transpiration to total dry weight of tree was approxi¬ 
mately the same in bo^ cases. The rootlets of the trees grown in soil 
were much more finely divided than those grown in sand. 

(4) Analyses of the trees showed both a high calcium (Ca) content and 
a high Ca/N ratio. 

(5) The percentages of total phosphorus in leaves and shoots were 
approximately equal. 

(6) The leaves and rootlets contain in their dry matter the greatest 
percentage of total ash and of nitrogen. 

(7) llie ash obtained from all parts of the tree contained large amounts 
of carbonate, although the rootlets contained less than the other portions. 

(8) The ash of all parts of the trees was markedly rich in potassium 
and relatively poor in sodium. The former was rdatively uniform in 
the various parts of the tree, but the distribution of the latter nms more 
variable. 

(9) The various parts of the trees likewise contained large amounts of 
calcium and relatively small amounts of magnesium. Bod^ constituents 
diow fairly uniform distribution throughout the tree. 

(10) The distribution of sulphate in the ash of the various parts of 
the tree is quite uniform with the excq>tion that the rootlets contained 
nearly three times as much as the other portions of the tree. 
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PLATE I 

A. —A typical trench with cans of sand containing orange trees just bcgfaming 

fiTfOWth 

B. —lowing attachment of air-suction hose to one of a series of drainage bottles. 
The drainage tube is removed from the drmnage pipe. Can and bottle are rdaed 
considerably for photographic purposes. 

. C.—^Device for weighing cans. 
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PLATE 2 


A. —^Walnut tree after six months in covered tank of sand that receives a nutrient 
solution made up with distilled water. 

B. —^Valencia orange trees after 15 months in cans of sand to which Hoagland's 
nutrient has been added. 



PLATE 3 

A. —Valencia orange tree in large tank of soil. Seven feet 8 inches in diameter 
and 4 feet 4 inches in depth. 

B. —Growth typical of trees in soil series 84-88 receiving Hoagland's nutrient at 
intervals. 
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PLATE s 

A. —Air-dried root systems of trees i and 85, in sand and soil, respectively, receiv¬ 
ing Hoagland’s nutrient solution. 

B. —^oot systems of trees 3 and 86, in sand and soil, respectively, receiving Head¬ 
land's nutrient solution. Note the more finely divided root systems in me soil 
culture. 
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FURTHER STUDIES OF THE INHERITANCE OF “ROGUE” 
TYPE IN GARDEN PEAS (PISUM SATIVUM L.)‘ 


By Wilber Brotherton, Jr. 

Assistant Physiologist, Office of Cotton, Truck, and Forage Crop Disease Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 


Since the rediscovery of Mendel’s classical paper on heredity, charac¬ 
ters of the garden pea {Pisum sativum) have been used to illustrate 
typical Mendelian inheritance. In 1915 Bateson and Pellew (i) * pub¬ 
lished an account of the genetics of types of peas known as “rogues”— 
types in which heredity has thus far appeared to be non-Mendelian. 
This paper was followed by later publications {2, j) dealing especially 
with variations in the proportion of rogues obtained from seeds from 
different parts of the same intergrading intermediate plant. Briefly 
stated, the facts reported were as follows: 

(а) Certain varieties of the garden pea, such as Early Giant, Ne Plus Ultra, and 
Duke of Albany, are characterized by broad, wavy stipules and leaflets, botli having 
rounded, emarginate apices and broad, straight pods. Occasionally there occur in 
pure-lines of such varieties plants called “rogues’' that are described as “wild" or 
^‘vetch-like." The rogues differ from the parent form mainly in the reduction 
in width of the foliar parts (stipules and leaflets) and of the pods. The stipules of 
the rogues are narrow and pointed; the pods are nanrow and curved along the upper 
suture. Rogues are not produced with any definite regularity or in such numbers 
that a characteristic ratio can be established between the rogues and parent form. 

(б) Between the parent types and the vetch-like rogue are found intermediate 
forms, especially in the variety Early Giant. The intermediates are of several classes 
and may grade almost insensibly into types or rogues. The most usual form is char¬ 
acterized by broad foliage in the early stages of development, but as the plant matures 
the stipules become pointed and more rpguelike. Such a plant is called by Bateson 
and Pellew an intergrading intermediate. Genetically there are two kinds of inter¬ 
mediates: (i) Those whose progeny consists of many rogues and few intermediates; 
and (2) those whose progeny consists of few rogues and many intermediates. The rogues 
from both kinds of families breed true, while the intermediates tend to produce rogues 
and intermediates in proportions comparable to those of their parents, i. e., there 
are high and low rogue-producing strains. Nevertheless, no regular ratio of rogues 
to intermediates can be found in successive generations. 


^ Accepted for publication Jan. i8, 1933. This contribution records cooperative v^rk between the 
Bureau of Plant Industry and the University of Michigan which was carried on at the Department of 
Botany, University of Mi^igan. . . „ 
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(c) Any zygote derived from the fusion of a type gamete with a rogue gamete, 
whichever way the cross is made, produces a rogue; an intermediate gamete on 
union with a type gamete produces an intermediate or nonrogue form. 

(d) Rogues are apparently produced more often from the upper (roguelike) portion 
of the intermediate plants than from the lower (t3rpelike) part. It is also found 
that pollen grains produce a greater ratio of rogue gametes to nonrogue gametes than 
do the ovules, and that the proportion of rogue gametes produced by the pollen grains 
increases more rapidly, in ping from the lower to upper flowers, than the prop^ion 
of rogue gametes produced by ovules. 

(e) Intergrading intermediates of strains not throwing many rogues were fotmd to 

{ )r^uce rogues no more often from pods of the upper parts of the plant than from the 
ower nodes. 

(/) Rogues with narrow, pointed stipules and narrow, curved pods, from whatever 
source, breed true. 

(^) The crossrogue X t3rpe, no matter how made, produces only ropes in the Fiand 
succeeding generations. In the seedling stage of the F, hybrid until the seventh or 
eighth node is developed, many of the plants are typelil^ in the character of the 
stipules and leaflets. These plants at maturity, with few exceptions, are alt rogues. 
The plants in the F^ generation are recognizable as rogues at all stages of development. 
There is apparently no segregation in the Pj hybrids, at sporogenesis, of the rogue and 
type factors. 

(lb) Intervarietal crosses of rogue with type plants of varieties producing rogues give 
results similar to crosses of rogue with the variety from which the rogue origmated as 
far as the rogue characters are concerned. Side by side with the apparently non- 
Mendelian behavior of the rogue characters is found the expected Mendelian segre¬ 
gation of such characters as pod ^ape, color of seed, shape of seed, and height of 
plant. 

Bateson and Pellew (i) have suggested in explanation of the anomalous 
genetic behavior of the rogue characters that they are due to somatic 
segregation of the type ‘'elements*’ in the Fj hybrid so that the type 
"elements** are missing from the germ plasm at the time of gamete 
formation. Intergrading intermediates are assumed to be mosaics of 
type and rogue tissue, rogue gametes being formed from rogue tissue 
and type gametes from type tissue. 

The present paper is in part a confirmation of the above results. 
However, a different interpretation of the results is advanced. In 
addition, data are submitted of the Fj, Fj, and F, generations of inter¬ 
varietal crosses of rogue and type plants with type plants of varieties 
that apparently do not produce rogues. These crosses have given 
entirely new results, from which important conclusions have been drawn. 

EXPERIMENTAL METHOD 

The experimental methods used in the work here reported were the 
same as those described in a previous paper (4). At that time the fact of 
cross-pollination of ro^e flowers by bumblebees was noted. In growing 
large cultures of peas it is impossible to protect all the individual flowers 
with paper or cloth coverings. In 1921 an attempt was made to grow 
peas under wire mosquito netting. This method is too expensive to be 
used on a large scale, so that in tiie futiure it seems advisable to carry on 
as much as i^ssible of the breeding work with rogues in the greenhouse 
during the winter. 

The results of 1919 and 1920 may be used to illustrate the amount of 
volunteer crossing that may be expected in the field in crosses be¬ 
tween Gradus and Rogue. The number of volunteer hybrids is suffi¬ 
ciently great to make necessary some sort of protection of the rogue 
plants. 
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In 1919, 2,932 Pj plants of the crosses Gradus rogue with Gradus'- 
(Table II) were grown. Of the 2,932 plants, 65, or 2.3 per cent, were 
volunteer crosses made by insects in 1918. The out-crosses were de¬ 
tected by the appearance of such dominant Mendelian characters as 
smooth seed, blunt pods, and colored flowers in F, cultures that should 
have contained only recessives for the three characters mentioned. Any 
crosses inter se, or out-crosses with recessive strains, could not be detected, 
but, apart from a few plants of Early Giant and of Peter Pan, no varie¬ 
ties which did not exhibit one of the three dominant characters were 
planted in the experimental garden in 1918. In 1920, 3,475 Fj and F, 
plants of the cross rogue with t5rpe (Tables II, III and IV) were raised. 
Among them were 42 plants of obviously foreign origin, or about i .2 per 
cent, showing that the amount of volunteer crossing was considerably 
less in 1919 than in 1918. 

Occasional volunteer crosses have been found among the rogues 
and intermediate rogues, but no count has been kept. However, only 
one case of cross-pollination by insects has been noted among the thou¬ 
sands of typical Gradus plants grown. 

Plants used in crosses have been previously inbred for at leasst one 
generation. The rogues used were either picked from commercial 
plantings of Gradus or arose de novo in pure cultures of Gradus plants. 
In either case the rogue strains were identical and gave the same results 
in crosses. 

Uncontrolled cross-pollination in Pisum on the scale reported here 
was unlooked for at the beginning of these experiments and no steps 
were taken to insure self-pollination. By the time it was realized that 
rogues were an exception to the general rule that self-pollination is 
invariable in Pisum it was too late to protect the hybrid rogue plants 
in 1919. Aside from the writer’s own experience with self-pollinating 
varieties of peas, his garden technic was of course influenced by the 
general conclusion of geneticists and practical horticulturists that peas 
are normally self-pollinated. White (15) found no cross with peas 
having yellow cotyledons among 10,000 seeds with green cotyledons 
grown at the Brooklyn botanic garden. 

BEHAVIOR OF GRADUS ROGUES WHEN CROSSED WITHIN THE GRADUS 

STRAIN 

Fi GENERATION OF CROSSES BETWEEN GRADUS AND GRADUS ROGUS 

In a former publication (4) the results in the Fj generation of crossing 
tyoical Gradus with Gradus rogue ® are reported. 

iThe Fi seedlings were variable in regard to stipule shape, Rowing 
gradations from typelike to roguelike plants. At maturity with one 
exception the F, plants were all rogues. 

In addition to the hybrids between rogue and type previously listed 
by the author (4), 134 Fj plants from 37 other crosses were grown, mak¬ 
ing a total from all sources of 282 Fj plants of the cross Gradus X Gradus 
rogue, and reciprocal. Of the 282 plants all but three were classified as 
rogues at maturity. 


• The name “ Gradus roaue" or " Rogue" as us«l throughout this paper refers to the same type of muto.- 
tion as that previously referred to U) as a Rabbit-car** Rogue. 
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Two of the exceptional plants occurred in a single Fj culture/ of which 
two plants were thorough rogues, while two others were intergrading 
intermediates, i. e., they were typelike at the lower nodes, but at upper 
nodes the stipules were pointed but much broader than in typical rogues. 
In the Fj generation the progeny of the intergrading intermediates con¬ 
sisted of 32 and 33 rogues, respectively. 

The third exceptional plant among tlie Fj of rogue X type was described 
in 1919 { 4 ). Its offspring in 1919 consisted of 19 intergrading inter¬ 
mediates and 15 type plants. The same cross and its reciprocal pro¬ 
duced 7 other Fj plants, described as rogues at maturity. From the 
character of the Fj progenies (Table I) it is probable that the F, plants 
were in reality extreme intergrading intermediates, as the F^ is char¬ 
acteristic of the progeny of intergrading intermediates. The plants 
behaved as intergrading intermediates of the sort described by Bateson 
and Pellew (i) as producing types, intergrading intermediates, and few 
or no rogues. 

Tabi,E I .—and Fj generation of atypical hybrids of Gradus rogue X Gradus type and 

reciprocal 


1919 

culture 

No. 

I 

Pedigree 

i 


Rogues. 

Intcrgrad- 
ing inter¬ 
mediates. 

Types. 

9.1207 


;Gi3-i-6-it X 019-1-31) 

►—I . 

0 

27 

0 

9.1208 


’Gi3-i-6-itXGi9-i-3r] 

)—2 . 

0 

23 

0 

9.1209 


^Gi3-i-6-itXGi9-i-3rJ 

>—3 . 

0 

9 

2 

9.1210 


;Gi3-i-6-itXGi9-i-3r' 

1—4. 

0 

0 

23 

9.1216 


Gi9-i-3rXGi3-i-6-it 

)-~i . 

2 

8 

3 

9.1217 


[Gi9-'i-3rXGi3-i— 6-it) — 2. 

0 

27 

0 

9.1218 


(019-1-31x013-1-6-It) — ^3. 

0 

0 

4 

9.1219 


(Gi9-i“3rXGi3“i-6-it)— 4. .Type foliage. 

0 

19 

IS 


P, AND F, GPNPRATIONS OP CROSSES BETWEEN GRADUS AND GRADUS 

ROGUE 

From 184 Fj hybrids of Gradus X Gradus rogue and reciprocal 4,319 
F, plants were raised in 1919 and 1920. In the seedling stage the greater 
portion were easily recognizable as rogues; others could be termed 
intermediates, but none showed the typelike appearance found among 
theF, seedlings. (Among the 4,319 plants shown in Table II, 81, or 1.8 per 
cent, were from foreign pollination, as explained elsewhere in this paper. 
The volunteer out-crosses were generally distinguished in the seedling 
stoge as plants with typelike stipules.) At maturity the plants were 
either rogues or various sorts of intermediates. Thirty-nine Fj rogues 
gave in the F, generation 575 plants, all rogues except five plants (0.8 

? er cent). The products of volunteer out-crossing in 1919 are shown in 
'able III. 


♦The interffraditiK intermediates were plants No. 3 and No. 4 of cross (Gio-i-xa'“itXGa3-i-i-i6r) in 
the Fi generation. 










Jones. i9»3 RogueTypes in Garden Peas 819 

TablK II ^.---Gradus rogue X Gradus type and reciprocal in the F>j generation 


Culture No. 


1919: 

9.1200. 

9.1201. 

9.1202. 

9.1203. 

9.1204. 

9.1205. 

9.1206. 

Q.I21I. 

9.1212. 

9.1213. 

9.1214. 
9.I2IS 

9.1220. 

9.1221. 

9.1222 . 

9.1223 
9.1226 
9.T227 
9-1251. 
9.1252. 
9-1253- 
9.1254. 
9-1255. 

9.1265. 

9.1266. 

9.1267. 

9.1268. 

9.1269. 

9.1270. 
9.1271 
g.1272. 
9-1273 
g.1274 

9-1275- 

9.1276. 

9.1277. 

9.1278. 
9.1279 
9.1280. 

9.1284. 

9.1285. 

9.1286. 

9.1287. 
9.1288 
9.1289. 
9-1293 
9.1294 

9.1295. 

9.1296. 

9.1297. 

9.1298. 

9.1299. 

9.1300. 
9-1301. 
9-1302. 
9.1304. 

9-1303- 

9-1305- 

9.1306. 



Culture No. Rogues. 

1919—Continued. 

91307. 29 

9.1308,,.... 18 

9.130$^.-. 25 

9.1316:^. 58 

Q.1317. 13 

9-1318. 44 

9.1319. 73 

9 1320. 108 

91321. 31 

01322. 43 

0.1323 . 4 

9.1324 . 21 

9.1325 . 25 

9.1326 . 46 

Total. 2,867 

T920: 

0.89. 15 

0.90. 17 

0.91. 12 

0.92. 37 

0-93. 12 

0.94. 7 

0.95. 15 

o 96. 7 

o 97 30 

o 98. 48 

0.99 10 

o 100 6 

o 101 . 14 

0.102. 7 

o 103 15 

0.104 . 14 

0.105. 14 

0.306. T2 

0.107 30 

0.T08. 26 

0.109. 10 

o.iio. 9 

O.II2. 21 

O.II3 . I 20 

O.II4 . I 13 

0.115.i 8 

0.II6 . 18 

0.II7. 18 

0.118. 15 

O 119. 20 

0.120. 22 

O.I21. 21 

0.122. 18 

0.123. 31 

0.124. 12 

0.125. 25 

0.126. 14 

0.127. 25 

0.128. 22 

0.129. 16 

0.130. IS 


Crosse*-. 


2 

3 


4 


65 

2 

I 


I 


I 


I 


I 


2 

I 


a In Tables II. in. and IV, unless otherwise noted, the parent plants were rogues in each instance. 
The column headed ** Crosses” shows the number ol volunteer hybrids occurring m the various cultures. 
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TablS II .—Gradus rogue X Gradus type and reciprocal in the F.^ generation — Continued. 


Culture No. 


1920—Continued 

0.131. 

0.184. 

«i8S. 

0.186. 

0.187. 

0.188. 

0.189. 

0.190. 

O.I9I. 

0.192. 

0193. 

0.194. 

0.19s. 

0.196. 

0197. 

0.198. 


Rogues. 


Crosses. 


ms 


3 « ! 
37 
34 
8 

26 

10 

26 

21 

31 

29 

7 

21 


Culture No. 

Rogues. 

J92<>—Continued. 


0-199 . 

9 

0.200. 

32 

0.202. 

6 

0.203. 

IS 

0.204... .i|^. .. 

18 

0.20s. 

30 

0.206. 

37 

0.207. 

3 

0.208. 

14 

0.209. 

39 

0.210. 

36 

0.211. 

7 

0.212. 

2 

0.213. 

32 

Total(1919-20). 

4.238 


Crosses. 


81 


Table 111 .’—Gradus rogue X Gradus type and reciprocal in the F3 generation 


Culture No. 


2920: 

0.371 

0.372 

0-373 

0-374 

0.375 

0.376 

0-377 

0.378 

0-379 

0.380 

0.381 

0.382 

0383 

0.384 

0.385 

0.386 

0.387 

0.388 

0.389 

0.390 


Rogues. 

Crosses. 

Culture No. 

Rogues. 



1920 — Continued. 


22 


0.391 . 

10 

10 

. 

0.392. 

15 

23 


0.393 . 

12 

13 


0.394. . - 

14 

II 


0-395 . 

16 

13 


0-.596 . 

24 

16 


0-397 . 

3 

13 


0.3^ . 

25 

3 


0.399 . 

17 

6 


0.400 . 

21 

6 


0.401. 

18 

15 


0.402. 

II 

10 


0.403 . 

22 

20 ! 


0.404. 

17 

12 


0.40s . 

18 

13 


0.406. 

23 

17 


0.407 . 

23 

17 


0.408. 

x8 

IS 




14 


Total. 

575 


Crosses. 


2 


£ 


2 


5 


Pi AND P, GBNSRAnONS OP CROSSES BETWEEN GRADUS TYPE AND THE 
Pj OP GRADUS TYPE WITH GRADUS ROGUE 

■ The cross typex (typeXrogue) gave an F, of 88 plants which showed 
a wide range of variation from typelike to roguelike plants in the seed¬ 
ling stage, but whidi at maturity were all rogues. Sixty-six Pj plants 
of the sesquireciprocal crosses gave an F, progeny (Tab^ IV) of 1,477 
rogues, 6 intermediate types, and 22 volunteer hybrids (1.4 per cent). 
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The exceptional intermediate types occurred in the F, culture 0.322, 
which also contained 23 rogues and i out-crossed plant. * Seven other 
families from the original cross which produced culture 0.322 gave only 
rogues in the F, generation. 


TablB IV.— Bach-crosses Gradus typeX{Gradits tyPeXGradus rogue) in generation 


Culture No. 


Rosues. 


Others. 


Crosses. 




Rogues. 


Others. 


Crosses 


1920: 

0.216. 

0.217. 

0.292. 

0.293. 

0.294. 

0.295. 

0.296. 

0.297. 

0.298. 

0.299. 

0.300. 

0.301. 

0.302. 

0.303 • 
0.304. 
0.305 

0.306. 

0.307. 

0.308. 

0.309. 

0.310. 

O.311. 

0.312. 

0.313* 

0.314. 

0315- 

0.316. 

0.317. 

0.318. 

0.319. 

0.320. 

0.321. 

0.32a. 

0.3*4. 


3 

2 

36 

*5 

23 

23 

2 

31 

18' 

II - 

11 

38 

12 

27 

I 

6 

27 

17 

20 

20 

16 
44 
33 

17 

10 


44 

45 


38 


7 

16 

31 

3 

23 

35 



I 


4 


2 

2 



1920—Contd. 

0.325. 

0.326. 

• 0.327. 

0.328. 

0.329. 

0.330 .... 

0.331. 

0.333. 

0.334 .... 

0.335.. ..| 

0,336 .... 
0.338... 

0.341. 

0.342. 

0.343. 

0.344. 

0.345. 

0.346.j 

0.347... 

0.348. 1 

0.349. 

0.350. 

0.351. 

0.352... . 

0.353. 

0.355. 

0.356... . 

0.357 - •• 

0.358. 

0.368.. .. 

0.369. 

0.370. 

Total... 


23 

16 
22 

17 

40 

31 

41 

18 


54 

22 

36 

73 

18 

21 

20 

6 

28 

20 

15 

23 

18 

23 

15 

30 

26 


7 

13 

18 

27 

14 

22 

15 


1^487 


I 


I 


X 


I 


a 


5 


6 


aa 


STATISTICAL STUDY OK THB INHSRITANCB OK STIPULE SHAPB IN GRADUS 

ROGUB AND GRADUS TYPE 

In order to get a more exact comparison of the rogues and t3rpes, on the 
one hand, and the F, and F, generations of hybrids between the two, 
measurements of the length and width of the stipules from the fourth to 
the ninth node were made in the various categories of plants. The ratio 
of width to length of stipule was then calculated. Because of disease 
and mechanical injury the same number of stipules could not be meas¬ 
ured at each node in eadi group of plants. The class frequency distribu¬ 
tions (Table V) are, therefore, expressed as percentages of the total num¬ 
ber of variates. In this manner 49 pure type plants, 43 pure rogues, 69 
F, hybrids, and 104 F, plants were measured. 
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The mean, standard deviation, and coefficient of variation of the ratios 
at each node and for the plant as a whole were calculated from the data 
in Table V. These statistical constants are given in Table VI. Figure 
I shows the graphs obtained by plotting the means for each node in each 



NODES 

— ^ t 1 « ... length of stipule , , . . . 

Fig. I.— Graph® obtained by plotting the mean ratio ol of stipu le fourth to ninth nodes 

of Gfddus type (T), Rogue (R), and the Fi and Fa hybrids of crosses between Gradus and Oradus 
rogue, ba.«;rd on data from Table VI. 

group of plants. The similarity of the F, and F, generations to the 
rogue parent is easily seen by inspection oi Figure r and Tables V and 
VI. The Fj hybrids up to the seventh node are like the type, or inter¬ 
mediate between the type and rogue; above the seventh node the plants 
become rapidly more roguelike. At all nodes the Fj plants appear 
more variable than Gradus and are like the rogues in this respect. 
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TablB V .—Frequency distribution of ratio (fourth to the ninth 
nodes in Gradus rogtse, Gradus, Fi and hybrid plants. As the number of stipules 
measured at each node was not always the same, the ratios in any one class are expressed 
in percentages 


Ratio. 


Gradus rogue: 

1*25 . 

I- 3 S. 

1-45 . 

I-S 5 . 

. 

1- 7 S. 

I'85. 

I *95 . 

2.05. 

215. 

2.35. 

^•35 . 

3-45 . 

2*55 . 

2- 65. 

2*75 . 

2.85. 

2*95 . 

3 - 05 . 

3*15 . 


Gradus: 

I. 2 S- 

I- 35 - 

1 . 45 - 

I- 5 S- 

1.65. 

I- 7 S- 

1.85. 

1-95 

2.05. 

2.15. 

2.25. 

2 ‘ 3 S- 

2 * 45 * 


Fi hybrid: 

1.25.. . 
I-35- • 
1.45 •• 
I- 55 -' 

1.65.. . 

1.75.. . 

1.85.. . 
1.9s •• 

2.05... 

2.15.. . 

2.25.. . 
a*3S •• 
2.45*. 

2.55.. * 
2 * 6 $... 
a.75... 

2.85.. . 

2.95.. . 


Nodes. 


Fourth. Fifth. Sixth. Seventh. Eighth. Ninth. Total. 


Per cent. 


2.66 

5-32 

X0.64 

13 30 
931 
532 

11.97 

XO.64 

15-96 

6.6s 

S- 3 a 

1-33 

o 

1-33 


75 


540 

6.48 

xo.^ 

XI.88 

19.44 

35*64 

3*24 

4*32 

o 

o 

1.08 


Per cent. 


1.20 

2.40 

6.00 

8.40 
18.00 
12.00 
25.20 

8.40 

8.40 

4.80 

3.60 

1.20 


**83 


Per cent. 


3*02 


i.x6 

x.x6 

3-48 

9.28 
XO.44 
a 4-36 
10. 16 
16.24 
10. x6 
.48 
4.64 
1.16 
o 

1.16 


2 86 


2 91 

•8S 

.85 

5-10 

16.15 

30.60 

22.10 

22.10 

4.2s 

340 

o 

.85 

1.70 


‘ 117 


X.08 

3*24 

19.44 

24.84 

23.76 

18.36 

7*56 

o 

x.08 

o 


a ga 


•75 

1-50 

10.50 

16.50 
X6.50 

19*50 

10.50 

X8.75 

12.00 

9.00 

•75 

o 

o 

•75 


013a 


2.24 

3*36 

8.96 

11.20 

30.24 

20.16 

13-44 

6.72 

3*36 

o 


289 

1.46 

o 

X.46 
X.46 
10.22 
X 0 . 9 S 
20.44 
13-M 
12.41 
9-49 

10.95 
3-65 
• 73 

2.19 

•73 


^136 


Per cent. 


3.02 

O 

O 

X- 5 X 

O 

o 

3-02 

4.53 

4*53 

XO.35 

12.08 
21.14 
16.61 
19-63 
3-0* 


Per cent. 


2 66 


6.18 

10.30 

13-39 

X9-57 

23.69 

13*39 

7.21 

6.x8 

o 


'97 


*77 

o 

*77 

•77 

•77 

4.62 

5-39 

xo.ox 

xx-55 

13- 86 

17.71 

8.47 

14- 63 
6.x6 
2.31 
x-54 


‘ 129 


3*75 

o 

2.50 

2.50 

6.25 

16.25 
12.50 

21.25 

16.25 
10.00 

o 

6.25 

1*25 

1-25 
2 80 


1.08 

7-56 

15.12 

29.16 

27.00 

16.20 

2.16 

o 

o 


Per cent. 


3-56 

3-56 

1.78 

O 

O 

5*34 

5*34 

1.24 

28.44 

19.58 

8.90 

5*34 

1.78 

X.78 


a 56 


' 9 X 


9 

21 

33 

X 9 

xo 

4 


'42 


X.60 


1.60 


x.60 


8.80 

x -35 

3.20 

x *35 

12.00 

10.80 

Z 2.00 

20.25 

17. 60 

18.90 

19.20 

24.30 

XO.4O 

14.85 

7.20 

5.40 

.80 

x *35 

3.20 

x *35 

® 124 

®74 


Per cent. 


0.45 

*67 

1.56 

3-36 

4.93 

7.84 

S -79 

12-55 

6.73 

XO.76 

9.64 

9.42 

II.21 

8.52 

.89 

1*34 

*45 

.22 


x -59 

378 

II- 3 S 

15-93 

25*30 

24.70 

10.95 

4.18 

.20 


•41 

*41 

1.38 

4.98 

10. IX 

9.14 

Z2.i8 

6.37 

8.44 

567 

8.72 

8.44 

6 . 6 $ 

8.86 

4*71 

2 . 2 X 

*55 

.69 


43324—23 
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Tabi«B V. —Frequency distribution of ratio the fourth to the ninth 

nodes.in Gradus rogue, Gradus F, and F^, hybrid plants. As ike number of stipules 
measured at each node was not always the same, the ratios in any one class are expressed 
in percentages —Continued. 


Nodes. 


Ratio. 

Fourth. 

Fifth. 

Sixth. 

Seventh. 

Bighth. 

Ninth. • 

Total. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Percent. 

Fa hybrid: 

1-05 . 

.49 






.08 

i-iS . 

.96 

•49 




. 

.24 

X‘2S . 

.96 

0 





.16 

1-35 . 

.96 

•49 





•24 

1-45 . 

.48 

•49 





.16 

1-55 . 

1-45 

.98 





•41 

1-65 . 

6.26 

3*42 

.96 




1.62 

1-75 . 

11.20 

14.20 




4.37 

1-85 . 

15-80 

22.42 

4-33 

1.44 

•49 

•49 

7-52 

1-95 . 

14 SO 

20.42 

3-85 

1.44 

•49 

•49 

6.87 

a 05. 

26.10 

21.40 

27-40 

1 4-82 

4.90 

2.94 

14.63 

a-i 5 . 

8.20 

6.34 

21.61 

j 8.18 

8.78 

5-88 

9.70 

2 *5 . 

8.67 

3-42 

ii-S* 

*6.33 

1755 

15-70 

13 90 

2.35 . 

1-45 

3-90 

5 30 

26.40 

20.00 

25.00 

14.70 

2*45 . 

.96 

•49 

2.88 

14.90 

17-55 

22.10 

10.20 

2*55 . 

.48 

•49 

■48 

18.20 

21.92 

13.20 

9-55 

2.65 . 

.96 

0 


4.81 

4-39 

10.30 

348 

2-75. 

.48 

•49 


2.40 

3-42 

2.40 

1-53 

2.85. 

a 207 

ojos 

0308 

.96 

0 208 

1 

•49 

0205 

1-47 
« 204 

.48 


0 The acttxsl number of measurements from whidi the frequency distributions (expressed in percentages) 
were derived. 



20 10.46 IX-53 

846 1.926 2.308 

.275 .266 

14.32 11.56 


.384 I *‘405 
.171 


2.259 

‘339 

15.00 

2.1x8 

•377 

17.79 

2.205 

•275 

12.47 
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The F, hybrids differ from the Fj generation in being remarkably 
like the pure rogues at all stages in their development Ine stipules at 
the fourth, fifth, and sixth n^es of the former are especially different 
from those of the F, plants. The measurements serv^ to emphasize 
what is plainly seen by inspection of the cultures, namely, that the F, 
seedlings resemble the pure rogues of the same age rather than the young 
F, plants which so generally exhibit a typelike character. To the eye, 
neither of the hybrid generations, at maturity, differs in any appreciable 
way from the rogue parent. 

Besides measuring the stipules at the fourth to the ninth nodes in the 
case of the rogue, type, and F, and F, hybrids, measurements were made 
of four stipules per plant from about the eighth to the fourteenth node 
of mature individuals in each category. The mature plants measured 
included those used in the comparison by nodes of the four groups, and, 
in the case of all but the F, hybrids, additional plants were measured. 

In Table VII are shown the frequency distributions and statistical 
constants calculated for each of the four categories of plants. The range 
of variation is strikingly significant, the range of the type not overlapping 
that of the rogue. The F, and Fj hybrids have a range of variation equal 
in extent to that of the rogue parent. The F^ generation differs from the 
pure rogue and the F, in that it is less variable as indicated by the co¬ 
efficients of variation (Coefficient Variation); F^ generation, 5.84 ±0.2677; 
rogue, 7.06 ±0.2912; F, generation, 7.09 ± 0.3662, respectively. The prob¬ 
able errors of the differences between the coefficients of variation of the 
pure rogue and of the F^, and of the F^and F,, are practically three times 
the difference, in each case indicating tihat the differences are real. How¬ 
ever, the differences in variability of the three groups as shown by the 
stipule measurements of the mature plant were not apparent on inspection 
of the cultures. 

The resemblance of the Fj and Fj hybrids to the pure rogues is further 
accentuated by a comparison of the mean stipule ratio of the three. 
The mean for the rogue parent is 2.339±o.oo96; for the F,, 2.383±o.oi96; 
and for the Fj it is 2.360±0.0089. There is no significant difference 
between any of the three means. 

Thus in regard to variability, range of variation, and mean stipule 
ratio, the two hybrid generations resemble only the rogue parent. 
The infiuence of the type parent, in crosses between type and rogue is 
apparent only in the F, plant and at only the lower nodes. 

CROSSES BETWEEN THE GRADUS STRAIN AND MUMMY, A NONROGUE- 

PRODUCING VARIETY. 

In 1918 the English “Mummy” pea was used in crosses with Gradus 
rogue and Gradus t3qje. Seed of the Mummy variety was first obtained 
from O. E. White of the Brooklyn Botanical Garden (White’s No. 
Pi-3-4-2), and only this strain has b^ used in the crosses. In Mummy, 
fasdation of the main stem is characteristic, but does not appear until 
the plant is well developed. With the appearance of the fasdated 
condition the stipules berame narrower and more pointed than those 
at the lower and middle nodes of the same plant. Plate 2, A, B, C is 
of a mature plant of Mummy. Although having stipules much narrower 
than in Gradus type, no rogue comparable to those found in Gradus 
have ever been obs^ed by the writer among the several thousand 
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Table VIII. —GfodusXMummy and Gradus rogueXMummy in the generation 

(aaXAA) 

TYPE X MUMMY 



AA, Aa. 

aa. 

Total. 

Observed. 

563 

75.88 
7 S 00 

0.88 

179 

24.12 
25.00 
0.88 

0742 

Perceut^ig** ■found. 

Ptf*rf*pntftorp pvnprtpd . .. 


Difference (D). 


Standard error (S. E.). 

I.I7 

0-75 


D/S. E .. 






ROGUE XMUBfMY 

1 



Observed. I 

1178 1 

1 356 1 

Ir 534 


Percentage found. 

Percentage expected.. 

Difference (D). 

Standard error (S. E.). 
D/S. E. 


76.79 

7500 

1.79 

•74 

2.41 


23.21 

25.00 

1.79 


o Data froxn 35 Ft families induding a families (34 plants) dassified as to color segregation and measured 
for ratio of width to length of stipule but not dassmed as to stipule shape, i. e.. as types or intermediates. 


RELATION OF COLOR FACTORS A AND C 

The Pj plants of Gradus typeX Mummy were all purple-flowered. 
The Fj generation gave the expected recombinations in approximately 
the proportion 56.25 per cent purple (with factors A, B, and C), 18.75 
per cent pink (with factors A and B), and 25.00 per cent white (with 
factors aa), the observed number in each class being in suflScient agree¬ 
ment with that theoretically expected when two factors are independ¬ 
ently inherited (Table IX). 


Table IX. —Segregation of factors for flower color in Fo generation of cross C 
Mummy and of Gradus rogue with Mummy (aaBBCCXAABBcc) 


Gradus with 


GRADUS X MUMMY 


Purple 

ABC. 

Pink 

ABc. 

White 
aBc. aBC. 

406 

54-72 

56 as 

*53 

*57 

21. x6 

» 8 - 7 S 
a.41 

179 

24.12 

25.00 

.88 


Total. 


Observed. 

Percentage found . . 
Percentage expected 

Difference. 

x*«2.8854. 

P*-340S* 


742 


GRADUS ROGUEXMUMMY 


Observed. 

Percentage found. . . 
Percentage expected 
Difference. 

X»»3.oa25. 
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Fkom seeds of a$ hybrids, 742 hybrids were matured in igao. A total of 708 
individuals, beloneing to 23 families, were classified according to stipule shape as 
Graduslike types (yy) and mtermediates (YY or jryV, the latter class being made up 
of plants resembling Mumm;^ in stipule character, ^e remaining families, consist¬ 
ing of 34 plants, were not directly classified in the same way, but the mean sttoule 
ratio per plant was calculated from measmements of the width and length of the 
stipules. A record of the flower color was kept for all the 742 F^ plants (Tables VIII 
and IX). 

Of the 708 plants classified according to stipule shape, 540 were groufjed as inter¬ 
mediates resembling Mummy and 168 as Graduslike types (Table X), indicating a 
single factor diflerence, in regard to stipule shape, between Gradus type and Mummy. 
The expected percentage in the two groups is 75 per cent intermediates and 25 per 
cent types; the observed percentages, 76.27 per cent intermediates and 23.73 P^** 
Graduslike types, in the Fj, are well within the limits of the standard error. The 
standard error as used here is calculated according to the formula of Yule (16). 


Tabl^ X .—Segregation of stipule shape in generation of GradusXMummy (yy XYY) 

GRADUS XMUMMY 


YV, Yy 


Observed.t. I 540 

Percentage found.| 76.27 

Percentage expected. 75 00 

Difference (D). i 1.27 

Standard error (S. E.). i 1.09 

D/S.E. 1.16 


yy 

Total. 

168 

23 -73 
25.00 
1.27 

708 







RELATION OP Y AND y, FACTORS POR STIPULE SHAPE 

In all, 37 Fj plants were grown in 1919 from the cross Gradus type 
with Mummy. In size and shape the stipules of the plants were 
intermediate between Mummy and Gradus type. The upper part of a 
branch of a mature F^ plant is shown in Plate 3, A. 

LINKAGE RELATION OP Yy AND Aa 

The relation of the factor pairs Yy and Aa was determined from 
a count of 708 Fj plants of the cross Gradus type with Mummy 
(aayyXAAYV^. In Table XI are tabulated the observed numbers of 
the Fa recombinations. The actual ratios of the four classes AY, aY, 
Ay, and ay indicate that factors AY and ay are linked. The calculated 
zygotic series is approximately 66 AY : 9 Ay : 9 aY : 16 ay; the gametic 
series approximately 4:1 : : i : 4; and the percentage of crossing-over 
for all the F, families is 20.41 db 1*28 per cent, using Haldane’s method (6) 
for the determining of zygotic and gametic series from observed Fj 
frequencies. 


Table XI .—Linkage relation of Aa and Yy from generation of MummyXGradus 



aayyXAAYY. 

AY. 

Ay. 

aY. 

ay. 

Total. 

Observed. 


63 

64 

I 

E 

105 

”3 

8 

708 

Calculated..... 

E^eience . 


V* sac Q . 7 CCA . 





■HH 






























830 


Journal of Agricultural Research vd. xxiv. no. » 


Plates 4 A, B, and 5 A, B, are of the upper parts of a Graduslike type 
and of an intermediate segr^te, respectively, from the F, of Gradus X 
Mummy. ITie intermediate shown has stipules wider than the stipules 
of the F, plant of the same cross shown in Plate 3, A. The difference is 
largely due to the fact that the stipules of the F^ plant are on a branch 
while those of the F, intermediate are on the main stem. Stipules on a 
branch are smaller and narrower than those of the main stem in nearly 
all instances, irrespective of the variety or strain. 

It should be pointed out here that Y and y are considered as the 
factors chiefly responsible for the difference for stipule shape between 
Mummy and Gradus. It is highly probable, from the increased varia¬ 
bility of the Fj generation over that of the parents, that a number of 
modifying factors interact with Y and y to affect stipule shape. 

RELATION OP FACTORS Aa FOR FLOWER COLOR AND Nn FOR CHARACTER OP STEM 

It has been said before that stipules from the fasciated portion of the 
stem of Mummy are narrower than those of the apparently nonfasciated 
part of the same plant or from a normal plant. The F, plants of the 
crosses of Mummy with Gradus were normal stemmed and had narrow, 
intermediate, or Mummylike stipules. No accurate counts were made 
of the fasciated Fj segregates, but apparently the expected 3 ; i ratio 
of normal to fasciated plants occurred. 

Since fasciated plants appeared, on the whole, to have narrower 
stipules than normal plants, it might be suggested that linkage existed 
between n and A, and N and a, so that the existence of a factor pair Yy 
would not have to be assumed. That such is not the case is shown by 
the results of White (14), who found factors Aa and Nn to be inde¬ 
pendently inherited. The two cases are comparable as the AAnn parent 
of the hybrids studied by White was from the same strain as that used 
by the present writer. • 

statistical evidence op linkage between factors ay and ay 

In addition to the stipule measurements of the 34 plants mentioned 
in the preceding section, stipules of 41 other plants were measured from 
the F, generation of Gradus X Mummy. Of the 75 plants measured 
(Table VII), 53 wwe A segregates (39 purples and 14 pinks) and 23 were 
a segregates (whites). The mean stipule ratio of tte F, plants as a 
whole was found to be i.868±o.oi26, for the A’s i.905±o.oi42, and for 
the a’s i.7ioi;o.o26o. Considering a difference between the means of 
at least ttree times the probable error of the difference as being signifi¬ 
cant, it is found that the difference between the means of the A and a 
segregates is significant, since it is five times the standard error. 

'nie same relation holds between the mean ratio of the colored and 
white F, segregates, whether the A plants be considered collectively, or 
separately as purples (with the factors A and B) and as pinks (with the 
factors A and b), the mean of the purples being 1.909^0.0175 and of the 
pinks 1.864±0.0142 as compared with 1.905±0.0142 for the A segregate 
as a whole (Table VII). 

No essential difference exists between the means of Gradus and the 
white-flowered (aa) F* segregates frop the cross Mummy with Gradus. 
However, the hybrid whites show a greater variability than do the pure 
whites, the codficient of variation trf the former being 10.58 ±1.0870 
compared with 5.78±o.238i for the latter. 
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The increased variation of the aa plants is probably due for the 
most part to crossing-over of the factors Yy for stipule shape and partly 
to the recombination of modifying factors affecting the same character. 

The mean ratio of the A segregates, 1.905 ±0.0142, is significantly less 
than that of the Mummy parent, 2.o8S± 0.0050, and the variability of 
the former is greater than that of the pure AA plants. The increased 
variability of the colored-flowering segregates, besides being accounted 
for largely by crossing-over, could, in addition, be due to a dissimilarity 
in stipule shape of AA and Aa plants. The heterozygous plants being 
in excess would tend to lower the mean of the population. Actually 
the Pf plants did appear to have stipules intermediate in shape between 
those of the two parents, but no measurements are available for compar¬ 
ison. 

It is realized that the number of P, individuals measured is small but, 
taken alone, the statistical results would offer fairly good evidence of 
linkage between the factor or factors for stipule shape and the A factor 
for flower color. In connection with the P, classification based on 
stipule shape and flower color, the fact of linkage between the Aa and 
Yy factors is well established. 

GRADUS ROGUE X MUMMY 

The Gradus rogues used in the series of crosses with Mummy were all 
descended from a rogue plant, S15, selected in 1916 from a conamercial 
planting of Gradus. Progeny of the same rogfue, Si 5, when crossed with 
Gradus type behaved as typical rogues in iidieritance (cultures 9.1270- 
9.1275, 9.1320, and 9.1321, Table II). 

The F, plants (Table XII) of Gradus rogueX Mummy, and reciprocal 
had, with one exception, rogue stipules, and in this respect appeared 
similar to the pure rogues. As volunteer cro.ssmg occurred in the Fj of 
Gradus rogue x Gradus, it might be expected to take place among the 
P, hybrids of rogue and Mummy. Since the F, plants in the latter cross 
ej^ibited most of the dominant Mendelian factors present in any of the 
strains growing in the experimental gardens in 1919, it would be diflScult 
to detect volunteer hybrids in the F, generation (F, out-crosses). How¬ 
ever, as the P, hybrids were very late in flowering, cross-pollination by 
insects, if not entirely absent was cut down to a minimum. 


Tahls XII .—Pedigrees of F, cultures of Gradus rogueXMummy (P16) and reciprocal 


Culture. 


Pedigree. 

Mature plants. 

9.720 


fSi5-2-5r X Pi6--io )—i to 6. 

Rogues. 

9.721 


[815-2-121 X P16-10)— I to 9. 

Do. 

9.722 1 


[Sts-a-jr X P16-10)—I to 7. 

Do. 

9 •723 


[815-2-191 X P16-10 )—i to 6. 

Do. 

9 - 7*5 


[Si5-i-6r X P16-10J— X to 3 . 

Do. 

9.7*6 


[Si5-x-i)r X P16-10 )—X to 8 . 

Do. 

9 - 7*7 


[815-3-xr X P16-10)— I to 8. 

All rogues but No. 6» whidi 
resembled Fiof P zbxtype. 

9.7*8 


[815-3-41X P16-10)— I to 3. 

Rogues. 

9 - 7*9 


8x5-3^^ X Pi/)-io)—I to 8. 

Do. 

9-730 


IP16-12 X Si5-4-5r)— I to II . 

Total. 69 

Do. 


43324—23—^8 
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As some uncontrolled pollinations may have occurred, there is possibly 
an'experimental error in the results which should be kept in mind when 
interpreting the F, data. On this account the crosses are being repeated, 
and it is planned to grow the F, generation under glass for protection. It 
is believed, however, that the data here presented are of sufficient interest 
to warrant publication at this time and that the errors from out-crossing 
will prove minimal. 

RBLATION or THB A AND A FACTORS FOR FU>WBR COLOR 

The Fi plants of the crosses between rogue and Mummy had colored 
(purple) flowers. In Table VIII is shown the percentage of colored- 
flowered (AA-I-Aa), segregates to white-flowered (aa), segregates in the 
Fj generation of rogue X Mummy, and reciprocal. The observed per¬ 
centages, 76.79 per cent AA and Aa plants and 23.21 per cent aa segre¬ 
gates conform to expectation. 

RBLATION OF A AND C, FACTORS FOR FLOWBR COLOR 

Gradus rogue x Mummy in the F* generation gave approximately the 
expected 56.25 per cent purples (with factors A, B, and C); 18.75 P®*" 
cent pinks (with factors A and B); and 25.00 per cent whites (with 
factors aa), the observed percentages being 56.91 per cent, 19.88 per 
cent and 23.21 per cent, respectively, the deviations being well witiin 
the limits of error due to random sampling (Table IX). 

Although the dovetailing of observation and theory is good for the 
three classes of color segregates as a whole, there is in the F, in both the 
case of Mummy X Gradus and Mummy X Gradus rogue, a deficiency of 
white segregates. The deficiency of aa plants can explained by 
differences in disease resistance as well as by variations in time of matur¬ 
ing between colored and noncolored F, segregates. On the whole, 
plants with colored flowers are more resistant to disease than are the 
white flowered forms, so that proportionately more of the latter would 
be lost before they reached maturity. For unavoidable reasons the 
F, data were collected late in the season after a number of the plants 
had matured. Plants whose stipules were too dried to measure were 
not classified as to flower color but their occurrence was noted. 
Tschermak (12), Hoshino (7), and others have noted a correlation 
between the presence of the A factor and the habit of late flowering. In 
all probability the same correlation existed in these cultures. On this 
account, relatively more of the white segregates than of the colored 
ones were too mature to be used in this study at the time the stipule 
measurements were made. 

RBLATION OF N AND N FACTORS FOR NORMAL AND FASaATBD STBH, RBSPBCTIVBLY 

The 69 Fj plants of Gradus rogue x Mummy had normal stems. No 
F, counts were made of the normal and fasciated plants, but appar¬ 
ently there occurred the expected Mendelian segregation. 

RBLATION OF Xx^ AND Yy FACTORS FOR SnFULS 8HAP8 

In 1919, 69 Fi hybrids (Table Xll) were grown from the seed of 13 
pollinations made the preceding year. The young plants resembled 
Mummy in regard to stipule shape and were uniform.in appearance. 
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With the exception of one plant (9.727-6), the hybrids were all classified 
as rogues at maturity. Plate 3, B, is of the upper part of a branch of a 
mature Fj plant from Mummy xGradus rogue. 

The exceptional plant (9.727-6) resembled the F, of Mummy X Gradus, 
although 7 other plants from the same cross had rogue stipules. The 
atypical Fj hybrid (9.727-6) produced 61 F, plants in 1920 (Culture 
No. 0.1084). At the time the notes were taken 14 individuals were too 
dried to classify. Of the 47 remaining plants, 23 were grouped as inter¬ 
mediates, with stipules intermediate in shape between those of Mummy 
and those of Gradus, and 24 were classed as Graduslike types. Appar¬ 
ently there were no rogues among the F, offspring. 

Besides the Fj family (0.1084) derived from the at3T)ical Fj plant, 
five other F, cultures w^ere classified by inspection as rogues and non¬ 
rogues, the latter being subdivided into broads and intermediates 
(Tables XIII and XIV). The number of individuals in each of the 
three categories is shown in Table XIV. The ratio of rogues to non- 
rogiies indicates a single factor difference between the two parents as 
being primarily responsible for the difference in stipule shape. The 
observed ratio of 77.12 per cent rogues to 22.88 per cent nonrogues 
agrees with that theoretically expected being within the error due to 
the limitations of random sampling. 

On the assumption of a single factor pair, X and x', primarily respon¬ 
sible for a difference in mean stipule ratio of 2.05 in Mummy and as 
compared with 2.35 in Gradus rogue, one would expect the F, to segre¬ 
gate only into rogues and Mummylike plants. Actually three classes 
based on stipule shape were distinguished, namely, rogues, intermediates 
(Mummylike), and broads (Table XIV), the latter having stipules com¬ 
parable to those of Gradus. 


Table XIII .—Classification into rogues and nonrogues of five Fj families from the 

cross Gradus rogueXMummy 





Noorogues. 



Parent. 

Culture No. 

Rogues. 

--- 

— 

! Unclassi* 
fied. 

Total. 




Intcnnc^ 

Broad. 

i 


i 



diate. 


( 


1919: 

1920: 



i 



9 . 7 * 6 -s. 

0.1076. 

79 

19 

3 1 

8 

109 

9 - 7 * 6-6 . j 

0.1077. 

68 


2 ! 

I 

86 

9.726-7. 

0.1078. 

8 

4 

2 ! 

2 

16 

9.726-8 . 

0.1079. 

1 II 

4 

0 

4 

^9 

9 . 727"“8 . 1 

0.1085 . 

16 

4 

I 

6 

27 

1 


182 

46 

8 

21 

*57 
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Table XIW.-‘Relation of Xxf and Yy in Fj generation of cross MummyXGradus 
rogue {x'YYY X XXyy)t data from Table XIII, 


Observed, 12:3:1 ratio ... 

Percentage found. 

Percentage expected. 

Difference (D). 

^2=2.8587 

P=.223I 


Observed, 3:1 ratio. 

Percentage found. 

Percentage expected.. 

Difference (D). 

Standard error (S. E.)* 
D/S. E. 


XY or Xy 

tOgttCS. 


182 

77.12 

75-00 
a. 13 


182 
77.12 
75 oo 

2.12 
1.89 

1.12 


x'y or X V nonrogues. 

Interme. 

diate. 

Broads. 

46 

8 1 

19.49 

3-39 j 

*8.75 

6.25 ! 

•74 

2.86 j 

1 

54 

i 

22.88 


25.00 


2.12 



.i 


Total. 


236 


236 


The presence of the broads in the F, generation of the cross Gradus 
rogue with Mummy is accounted for by assuming the presence of two 
factors y and x for stipule width in Gradus, factor y being allelomorphic 
to Y in Mummy and factor x allelom(»rphic to x' found in Mummy. 
Ordinarily neither x nor x' has any visible effect on stipule shape in 
either variety. Occasionally the factor x in Gradus mutates to X, 
which has for its somatic expression a mean stipule ratio of about 2.35. 
Factor X interacts with its allelomorph x as found in Gradus and is 
dominant to x' of Mummy. It also masks either member of the factor 
pair Yy. Any F, segregate that is heterozygous or homozygous for 
the factor X has rogue stipules, irrespective of whether Y or y is present. 
An individual in which X is absent has intermediate or broad stipules, 
depending on the presence or absence, respectively, of the factor Y. 
In the Fj generation the plants segregate into approximately 12 rogues; 
3 intermediates; i broad, according to the following scheme; 


P 

F 

F 


1 

2 


Percentage 
Ratio. 


Percentage 
Ratio. 


.Gradus rogue, XXvy XMummy, 

.Rogue, Xx' Yy 

Rogues: Intermediates; 

Xy Xy x'Y 

56.25 18.75 i8*7S 


12 : 3 


XXx'x' 

Broads: 

x'y 

6.25 


Rogues (X): 
•••75 
••• 3 


Non-rogues (X'): 

25 

I 


Rogues and Intermediates: Broads: 


Percentage.93*75 6.25 

Ratio.15 : I 


Returning again to the results tabulated in Table XIV, the observed 
number in any one category of plants is expressed in percentages of the 
total number of plants classifi^. For the rogues, intermediates, and 
types the percentages are 77.12, 19.49, and 3.39, respectively, compared 
with the theoretically expected 75.00, 18.75, 6*^5 for the respective 

classes, the deviations of the observ^ percentages from the calculated 
are not statistically significant (P having a value of 0.2331). The 
greatest deviation is caused by the exceptionally low number of board- 
stipuled plants found. The deficiency in the broad class, however, 
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may be partially explained by assuming a dififerential mortality rate 
among the F, segregates as explained in the paragraph dealing with 
the rdation of the Aa and Cc factors in the Fj generation of Gradus 
rogue X Mummy. 

The occurrence of the early flowering segregates offers a partial explana¬ 
tion of the deviation in the number of broad-stipuled plants observed 
from that theoretically expected, as there is in all likelihood a correlation 
in Gradus and Mummy between the shape of the stipules and time of 
maturing. As has been sho^vn, the Graduslike character of the broad- 
stipuled Fj plants was inherited through the rogue parent, which also 
carried the factors for early flowering. The results with Gradus X 
Mummy show that linkage exists in Gradus between the factors y for 
stipule shape and a for flower color. Hoshino (7) has shown the factor a 
to be linked with a factor for early flowering. Necessarily linkage exists 
in some degree between the factor y for stipule shape and the factor for 
early flowering. One is, therefore, justified in assuming that many of the 
white, broad-stipuled segregates would be early in maturing and the 
correlation would account for a part of the deviation of the observed 
number of broad F^ t)T)es from the number theoretically expected. 

STATISTICAL STUDY OF THB Fj GBNSRATION OF THE CROSSES GRADUS ROGUS AND 

MUMMY 

In 1920 were grown 51 F^ families of the cross Gradus rogue with 
Mummy. The average ratio of stipule width to length in the mature F, 
plants was calculated in the same manner as for the P, generation. The 
F, segregates were also classified according to flower color but not de¬ 
scribe as broads, intermediates, or rogues. 

RELATION OF COLOR FACTORS A AND a TO STIPULATE SHAPE IN TWO ATYPICAL FAMILIES 

With the exception of the plant already mentioned,® all of the F, 
hybrids were rogues and appeared similar in regard to stipule shape. 
Although somatically alike the F, frequency distributions of the progeny 
of two apparently normal P, rogues aie different from those of the 
remaining 49 Fj families in both their range of variation and mean 
stipule ratio (Table XV). The means of the two families are i.999± 
0.9106 and 1.905±0.0126 and for the two together the mean is 1.998± 
0.0082 as compared with 2.333^0.0050 for the other 49 Pj cultures 
(Table XVI). 

Because of tlieir similarity both in frequency distribution and in the 
value of the mean stipule ratios, the two anomalous cultures have been 
lumped together for a statistical study of the color segregates. The 
means of ^e three color classes are: For the whites, i.899±o.oi59: for 
the pinks, 2.046±0.0167; for tho purples, 2.038 ±0.0095; and for colored 
plants as a whole, 2.027 ±0.0085. The difference in means of the AA 
and aa as compared with aa plants is 6.7 times the probable error. The 
frequency distribution of the a plants resembles more that of Gradus 
than it does that of Mummy or Gradus rogue. The frequency distri¬ 
bution of the A population resembles that of Mummy rather t^n that 
of either Gradus or Gradus rogue. The difference in the mean stipule 
ratios of the two color groups, as well as the difference in their ranges 

Tht two tdcccptionai Pi ittnilies were cultures numbered 0.1059 and o. 1093 (Table XV), the rrogeny 
of Pi plants 9.7Sa*t and 9.7a9-S» respectively (Table XIl). 


Table XV .—Gradus rogueXMummy, and reciprocal. Frequency distributions of ratio ofi^—^^—^^of families 
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of variation, indicates linkage in the two parents between the factors Yy 
for stipule width and the Aa factors for flower color. Recombinations 
in the Fj of cross-over and noncross-over gametes would account for 
differences in the range of variation and in the means between the 
Fj A and a segregates and the A and a parents. 

However, as the combined frequency distributions of the two crosses 
of Mummy with rogue cultures under discussion (0.1059 0.1093) 

show considerable variation from the F^ frequency distribution of 
Gradus as type X Mummy, especially in the position of the respective 
modes and means, it is unlikely that the factor allelomorphic to x' in 
the Fj hybrid is the x of Gradus type; it is apparently a mutation of X 
to some other factor for stipule shape, the mutation being analogous to 
the genetic change occurring when intergrading intermediates are pro¬ 
duct from Early Giant types (/). In this case the intermediates are 
of the sort producing few or no rogues among their progeny. 

Although the ranges of variation of the two atypical F, progenies 
(0.1059 and 0.1093) overlaps the range of Gradus rogue, no rogues were 
present in the cultures judging from the character of the Fj generation. 
Six Fj plants of culture 0.1093 from classes 2.05, 2.15, and 2.45 of the 
variation curve gave only broad and intermediate F, segregates. It 
would appear that the rogue factors which entered the F, zygote failed 
to ftmction as rogue factors at gametogenesis, having mutated to some¬ 
thing different from X. 

RSLAnON OF COLOR FACTORS A AND C TO STffULE SHAPE IN THE TYPICAL F, 
FAMILIES OF THE CROSSES OF MUMMY WITH GRADUS ROGUE 

The stipules of 1,404 plants, progeny of the remaining F, families 
(omitting cultures 0.1059 and 0.1093), were measured. The plants 
represented 49 families, of which the frequency distributions and the 
derived statistical constants are given in Table XV. 

Of the 1,404 individuals, 356 were white (of constitution aa); 305 pink 
(with A and B factors); and 873 were purple (with A, B, and C factors). 
The mean stipule ratio of the white segregates was found to be 
2.258±0.0110 as compared with 2.336±0.0110 for ^ the pinks and 
2.325^0.0063 for the purples (Table VII). 

As no essential difference exists between the means of the pink and 
purple Fj plants, and as they each contain the A factor, the two color 
j^pulations may be combined for comparison with the aa segregates. 
Tlie mean of the AA and Aa plants is 2.335^:0.0056 as contrasted with 
2.258 ±o.oiio for the aa segregates, a difference in the means of over 
6 times the probable error of the difference. 

For a comparison inter se of the frequency distributions of the AA and 
and aa segregates and of the F, as a whole the number of variates 
in each class was expressed in percentages of the total number of variates 
in that particular category of plants. Figure 3 shows the curves obtained 
by plotting the percentage of variates in each class for the AA and Aa, 
and aa segregates separately, and for all the Fj plants irrespective of the 
color factors present. The graphs for Gradus, Gradus rbgue, and Mummy 
are shown in figure 2, for comparison with the graphs of the Fj genera¬ 
tion. 
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Pio. a.—Graphs obtained by plotting the frequency distributions, expressed in percentages, of ratio of 
w T dtf T of st i pule ~^°^ Gradus (T). Mummy (M), and Gradus rogue (R), based on data in Table VHI. 



Pio. 3.—Graphs obtaiitid by plotting the frequency distributions, expressed in percentages, of ratio of 

variates of Mumn y X Gradus rogue and for the AA and Aa 
segregates (A) and aa segregates (a) taken separately, based on data in Table VIII. 


43324—23- 
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The majority of variates in a population of Gradus types have a mean 
stipule ratio between 1.50 and 1.79 and none have been observed with a 
stipule ratio above 1.99. For Gradus rogue no plants have been found 
with a stipule ratio of less than 2.00 and by far the greatest number 
occur between the limits 2.10 and 2.49. The mean stipule range of 
Mummy extends over portions of the ranges of both Gradus and Gradus 
rogue, but the majority of individuals occur in classes 1.95 to 2.15, in¬ 
clusive. Consequently, if linkage existed between the factor for rogue 
stipules and the a factor for white flowers, one would expect proportion¬ 
ately more of the aa variates to lie close to the mean of the rogue parent, 
2.339, and a greater concentration of the variates with the A factor 
around the mean of Mummy, 2.088, than would be found close to the 
mean of Gradus rogue. The modes of the frequency distributions of 
both the colored (AA and Aa) and white (aa) segregates are actually at 
2.45, or very near the mean of the rogue parent, however. It is evident, 
therefore, that no linkage exists between the factor for rog^e stipules 
and the a factor. 

The difference in means of the two populations is caused in a large 
measure by the linkage of the AY and ay factors, so that among the non¬ 
rogue segregates the AA and Aa variates tend to have a stipule ratio 
approaching that of Mummy and the mean of the aa segregates approaches 
that of the Gradus parent. The effect of linkage is to lower the mean 
of the aa plants and to increase the mean of the AA and Aa segregates. 
For this reason more aa segregates than AA and Aa segregates are found 
in classes 1.55 to 1.95, inclusive. Linkage of the two factors also accounts 
for the tendency to bimodality that both curves exhibit. (Fig. 3.) 

GRADUS ROGUE X MUMMY, AND RBCIPROCAt, IN THE F, GENERATION; 

CLASSIFICATION OF F, FAMILIES 

On the hypothesis that Gradus rogues are produced from Gradus by 
mutation of a single factor, x to X, which is allelomorphic to x' in Mummy, 
the expectation in regard to the F, rogues of Gradus rogue X Mummy is 
that approximately 66 per cent will show segregation in the F, generation 
into rogues and nonrogues, while the remaining 33 per cent should 
breed true. The F, broads and intermediates (nonrogues) should not 
contain rogues among their progeny except as the pr^uct of primary 
mutation. 

No record was kept of the F, plants saved for seed as to their general 
appearance, i. e., whether they were rogues, intermediates, or broads. 
Instead, stipule measurements were made and the stipule ratio was used 
for a criterion as to which of the three categories, rogue, intermediate, or 
broad, that the plant belonged. Altoge^er 184 plants were chosen 
from a number of F* frequency classes (Tables XVI to XVIII). As 
expected, the*parent plants of families containing no rogues came for the 
most part from classes 1.65 to 2.25. The parent plants of progenies 
breeding true to the rogue character or segregating into ro^es and non¬ 
rogues were largely from classes 2.35 to 2.95. This and a cwssification of 
seregating F, families of Gradus rogue X Mummy and reciprocal are 
shown in Table XVI. 
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Table XVI .—Families in which no rogues appeared. Generic constitution of F2 Parents 

was x'x'YY, x'x'Yy, or x'x'yy 


0.279 

0.281 

0.283 

0.285 

0.289 

0.291 

0.293 

0.294 

0.296 

0.297 

0.298 

0.299 

0.300 

0.301 

0.302 

0.303 

0.304 

0.305 

0.306 

0.308 

0.309 

0.310 
0.311 

0.314 

0.315 

0.316 

0.317 

0.318 

0.319 

0.321 

0.322 

0.323 

0.324 

0.325 

0.326 

0.327 

0.328 

0.330. 

0.331- 

0.332. 

0.340 

0.341. 

0.344. 

0 . 345 - 

0.347- 

0.348. 

0.428. 

0.429. 

0.432 

0.433. 

0 . 454 - 

0.466. 


Culture No. 


Stipule 
ratio of F* 
parent. 


1.65 


1-75 


1.85 


2.05 


2.25 


2.35 

^45 


Broads. 


9 

29 


27 


i 


Broads and' 
interme- [ 
diatcs. i 


Interme- 

diates. 


18 


13 

46 

21 


58 


31 

16 


25 

16 

44 

35 

21 


24 

61 

49 

33 


35 

12 

37 


23 

73 
44 

21 

25 

38 

91 

62 

70 j. 

20 . 

38 |. 

74 

II 

47 

20 

22 

71 


30 

47 

25 

23 

75 

31 
42 
no 

99 

42 


13 


Total. 


38 

37 


9 

29 

31 


16 

27 

25 

16 

44 

35 

21 

18 

24 

6x 

49 

33 

38 

37 

35 

12 

37 

13 

46 
21 
23 

73 
44 
21 

25 

38 

91 

62 

70 
20 
38 

74 

II 

47 

2C 

22 

71 
58 

30 
47 

25 

23 

75 

31 

42 

no 

99 
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Tabi^S XVII .—Families segregating into rogues and nonrogues. Genetic constitution of 

‘""y, or Xxfy 


F. parents was Xx'YY, Xx'Yy, 


fyy 


0307 

0.329 

0*333 

0.418 

0.420 

0.421 

0.422 

0.425 

0.426 

0.431 

0.436 

0.440 

0.441 

0.443 

0.446 

0.450 

0.451 

0.453 

0.457 

0.459 

0.460 

0.461 

0.462 

0465 

0.466 

0.470 

0.47 T 

0.472 

<^•473 

0.474 

0.477 

0.482 

0.484 

0.486 

0.489 

0.491 

0.492 

0.493 

0.497. 
0.500. 
0.502. 
0.503. 
0.2419 
0.2420 
0.2423 
0.2424 
0.2427 
0.2428 
0.2429 
6.^30 
0.2434 
0.2439 
0.2441 
0.2442 
0.2443 
0.2444 
0.2447 
0.2448 
0.2449 


Culture No. 

Stipule 
ratio of K| 
parent. 

Rocues. 


1.85 

31 

18 




? 



7 



18 1 


2.25 

16 ' 


27 ; 
311 
691 
341 

i8 : 

. _. _.i 



.-1 . 

i 

i 


I 

31 ' 


j 

1 

1 

31 

33 

34 

32 
57 ; 

36 , 

! 


.1 


.1 

2 . 3 s 

! 


1 



Total. 



!... . 


j 




1 . 


2.45 






i 


.1 


j 










. 




2.55 





















I17 

64 

33 

88 

25 

23 
25 

14 

29 

12 

13 

15 
29 

22 

28 

24 

37 

14 
19 

18 

6 

16 
66 
36 

28 

58 

46 

25 

26 

II 

? 

? 

6 

6 


57 


II 

8 

> 

} 

2 

3 

3 

2 

4 

4 

2 

3 

2 

3 

6 

2 

3 

2 

3 

2 

13 

5 

4 

6 

4 

5 

3 
9 

3 

1 

4 
8 

4 

6 

7 

7 

9 

2 

4 

2 

5 
5 
9 

5 

14 

3 
3 

6 

3 

4 

2 
> 
> 
? 

3 
z 

2 

6 

3 


4^» 

26 
70 

38 

20 

19 

30 

33 

38 

20 

27 
23 

23 

37 

35 

37 

34 

60 

38 

^30 

69 

37 
94 
29 

38 

28 

23 

32 
13 
17 
23 

33 

28 

35 

31 

46 

16 

23 

20 

II 

21 

75 

41 

4a 

6t 

49 

31 

29 

15 

53 

36 

II 

51 
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7 

27 

60 
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Table XVII .—Families segregating into rogues and nonrogues. Generic constitution 
of F 2 parents was Xx^YY^ Xx'Yy^ Xx'yy —Continued 


0.2451 

0.2452 

0.2458 

0.2462 

0.2463 

0.2464 

0.2466 

0.2467 

0.2468 

0.2473 

0.2475 

0.2476 

0.2477 

0.2484 

0.2489 

0.2490 

0.2491 


Culture No. 

Stipule 
ratio of Fs 
parent. 






2.65 









. 






2-75 



2.85 


2.95 


Rogues. 


Nonrogucs. 


49 

29 

35 

10 

J5 

20 

6 

9 

19 

5 

34 

31 

40 

J9 

18 

39 

25 


12 

2 

2 

2 

3 

1 

2 

2 

4 

4 

3 

5 
8 

7 

1 

5 

2 


Total. 


61 

31 

37 

t2 

38 
21 

8 


II 

23 

9 

36 

48 

26 

19 

44 

27 


Total 


2.097 


308 


0.423". 

0.424 

0.430" 

0.439". 

0.455 "*• 

0.469 

0.574®* 

0.2445 ® 
0.2470" 
0.2482 " 


2.25 

2-35 

2.45 

2.65 
a .75 


7 

57 

! 

1 64 

4 

19 

23 

7 

23 

30 

4 

33 

37 

3 

67 

70 

4 i 

54 

58 

6 

8 

14 

n 

19 ; 

32 

12 

17 

29 

10 

14 

24 


Total 


70 


311 


Grand total 


2,167 


619 


a Cultures containing an excess of nonrogues over rogues. The noofogucs were comparable to the 
intergrading intermediates described by Bateson and Pellew (/). 


Of the 184 F, plants, 52 had progenies containing (i) only broads, (2) 
both intermediates and broads, or (3) intermediates only; i. e., they 
were recessive for the X factor but may have contained the Y or y factor. 
There were 86 progenies which segregated into rogues and nonrogues; 
while the progenies of 46 plants were all rogues (Tables XVI to 
XVIII. The observed numbCT of XX : Xx' F, segregates is very close 
to that theoretically expected (Table XIX). 

Inspection showed segregating families to be of two kinds: First, 
those with an excess of rogues over nonrogues, and second, those with 
an excess of noturogues over rogues. In the latter case the nonrogues 
were often comparable in appearance to the intergrading intermediates 
described by Bateson and Pellew (a). Except in cultures containing a 
very few p^ts, one would not expiect sudh an excess of reoessiyes as 
was fotmd in diese families. 
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Tabi^E XVIII .—Families in which only rogues appeared. Genetic constitution of F.j^ 
parents was XX YY, XX Yy, or XXyy 


0.419. 

0.427 

0.434- 

0.442 

0.444. 

0.445- 

0.456. 

0.463. 

0.476. 

0.478 

0.480. 

o.^i. 

0.483. 

0.485. 

0.487. 

0.488. 

0.495. 

0.496.. 

0.498. 

0.499. 

0.502.. 

0.2421. 

0.2422. 


Culture No. 


Stipule 
ratio of Ft 
parent. 


2.25 


2-35 


Rogues. 


2.45 


55 

49 

50 

25 

23 

52 

30 

18 

16 
29 

15 

21 

18 

26 

24 

17 
20 

13 
42 
39 

14 

34 

35 


Culture No. 


Stipule 
ratio of F* 
parent. 


I- 


0.2425. 

0.2426. 

1. 

2.55 

0.242c. 

0.2426. 


0.24^7 . 


0.2440 ... 


0.2418. 


0.2446. 


0.2450. 


0.2454. 


0 . 24 CC. 


0.2456. 

1. 


2.65 


0.2460. 

i 

0.2465. 

.I 

0.2469. 

. i 

0.2471. 


0.2472. 

.i 


*•75 ' 

0.2483. 

0.2486.. 

2 85 , 

.1 

0.2487. 


Rogues. 


42 

38 

32 

6 z 

44 

41 

34 

36 

16 

27 

20 


31 

19 

51 

17 
23 

18 
34 
44 
^5 

17 


Tabi«E XIX .—Ratio of XX \ Xocf plants among J^2 F2 segregates of Gradus rogtie X 
Mummy, as determined from analysis of the F, generation, hosed on data in Table 
XVII. The expectation is two segregating and one nonsegregating F^ families 


Observed. 

Calculated. 

Difference (D). 

Standard error (S. E.) 
D/S. E. 


a Character of Fs family. h Constitution of F| parent. 

The total number of ro^es (2,097) ^ the cultures containing few 
nonrogues is obviously far in excess of the total number of nonrogues 
(308) that would be expected if normal Mendelian segregation occurred 
in the Fj plants heterozygous for factors X and x' (Tables XVI, XVII, 
XVIII). In the families producing many nonrogues and few rogues 
the situation is reversed, the cultures containing in all 70 rogues and 311 
nonrogues, plainly not in accord with the theoretical, monohybrid 3 : i 
ratio shown in the same tables. 

Disregarding the two types of F, families and (xmsidering all the 
segregating families as a whole, the observed numbers are: 2,167 rogues 
(XX and Xx') and 619 nonrogues (x'x'). The numbers actually found 
in the two groups show an excess of 78 individuals in the rogue class, a 
deviation of nearly 4 times the probable error of the difference between 
the observed and calculated number of variates (Table XX). 


Nonsegre- 
gating." 
XX. <> 

Segregat¬ 
ing." Xx' 

46 

86 

44 

88 
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2 

3-5 

3-5 

'5 

•5 
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Total. 


132 

132 
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'ttiSue XX. —Ratio of rogue and Xx') segregates to nonrogue (*'*') segregates 

in all Fj cultures segregatirtg into rogues and nonrogues, based on data in Table XVII 


Observed . 

Calculated. 

Difference (D). 

Standard error (S. B.) 
D/S. E. 


XX and 
Xx'. 

x'x'. 

ToUl 

2167 

2089.5 

77-5 

22.85 

619 

696.5 

77 S 

... . 1 

2786 

2786 




3-4 




STATISTICAL STUDY OF STIPULB SHAPE IN THB Fs FAMILIES OF GRADUS ROGUE X MUMMY, 

AND REaPROCAL 

Besides classifying the F, cultures on the basis of stipule character a 
number of families were chosen for a statistical study of the stipule 
shape. A record was kept of whether the families consisted of nonrogues 
only, rogues,* or of both rogues and nonrogues. Table XX shows the 
frequency distributions and means of the cultures measured. In general 
the mean stipule ratio of each family tends toward the mean of the 
category to which the Fj parent belonged (Table XXI). Thus the means 
of the x'x' families tend to approach the mean of x'x' parent (Mummy) 
while the Xx' and XX families have means close to that of the XX parent 
(Gradus rogue). This tendency in the means of the three types of 
families is greater if the frequency distributions of the several families 
belonging to each group be combined. In Table XXII are shown the 
total frequency distributions from Table XXI of 28 segregating families, 
of 8 families breeding true to the rogue character, and of 15 families in 
which no rogues occurred. The mean of the rogue families is 2.503 d: 
0.0093 ^ compared with 2.339 ±0.0096 for Gradus rogue. 'The increased 
narrovraess of the stipules of the rogue segregates over that of the ro^e 
parent may be due to tlie accumulative effect of factors modifying 
stipule shape such as the Y and n factors responsible for stipule shape and 
stem fasciation, respectively, in Mummy. The mean of the segregating 
cultures is 2.259 ±0.0062 or very near the mean, 2.333 ±0.0050, of all the 
Fj cultures of Gradus rogue X Mummy. For the families in which no 
rogues appeared the mean is r.899±0.0053 or intermediate between the 
means of Gradus type and Mummy, 1.693 ±0.0107 2.o88±o.oo50, 

respectively. The mean of the x'x' families is especially significant as 
indicating a segregation into Graduslike plants and Mummylike plants 
among the F, plants lacking the X factor. Such a segregation is to be 
expected in the progeny of Fj plants of the composition x'x'Yy, and 
from the effect of lumping togeAer into one frequency distribution the 
F, families with formulae x'x'YY and x'x'yy. 

The evidence from the statistical study of stipule shape in the F* 
families points to the homozygous nature of the broad or intermediate 
F, segregates in regard to ^e x' factor. In addition the occurrence 
of Fj rogues homozygous and heterozygous for the X factor is also 
demonstrated by measurement of the stipules of their Fj progenies. 
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DISCUSSION OP RESULTS. 

True-breeding hybrids have been found in other genera than Pisum, 
notably in Oenothera, and have been interpreted by Muller (zo) as due 
to the action of balanced lethal factors. In self-fertilized Gradus planta 
there is no evidence of zygotic lethals since under proper growing con¬ 
ditions all the ovules in a pod develop. Although an occasional sterile 
rogue is met with, all ovules generally form viable seed. In over 60 
instances crosses between Gradus and Gradus rogue gave an average of 
4.5 seeds per pod out of a possible 7 or 9. About 4 seeds per pollination 
is the number generally obtained from artificial crosses of Gradus with 
other varieties. However, it has been customary to pollinate two or 
three stigmas with the pollen of one flower, the result being one well 
filled pod and one or two partially filled, as a consequence of deficient 
pollination. 

A microscopical examination of the pollen of Gradus and Gradus 
rogue showed well-developed pollen grains in both forms. Their pollen 
is about TOO per cent perfect. There was no morphological evidence 
of defective pollen whidi might be interpreted as due to the action of 
gametic lethals. 

It is, therefore, apparently out of the question to explain the anoma¬ 
lous b^avior of the rogues in crosses with Gradus types as due to the 
presence of zygotic or gametic lethals. 

As previously stated, the nonappearance of Gradus segregates in the 
F, generation of the cross Gradus with Gradus rogue is explained by 
Bateson and Pellew (r) as probably due to somatic segregation of the 
type and rogue “elements” in the F, hybrid. The same authors have 
not suggested, however, a mechanism by which somatic segregation is 
accomplished. Such segregation would occur if somatic nondisjunction 
took place early in the development of the Fi plants, so that of the two 
daughter cells formed, one would receive both of the chromosomes 
derived from one member of the heterozygous chromosome pair present 
in the parent cell, and the other daughter cell would receive the two 
chromosomes derived from the second member of the heterozygous pair. 
As a result, both cells would retain the characteristic number of .somatic 
chromosomes and at the same time be homozygous for either the type 
or rogue factors. 

Besides assuming the phenomenon of somatic nondisjunction, the 
further assumption must be made that the daughter cells homozygous 
for the rogue factors increase more rapidly than cells containing the type 
factors, and consequently the Fj plant becomes more roguelike as it 
matures. At sporogenesis only rogue tissue would take part in gamete 
formation; therefore t)rpe plants would not appear among the Fj progeny. 

Although somatic non^sj unction offers a hypothesis to account for 
somatic segregation it does not explain satisfactorily the failure of the 
t3rpe factors or " elements ” to be present in the gametes of the F^ hybrids. 
Certainly accepted instances of somatic nondisjunction are rare, the 
best examples being the gynandromorphs in Drosophila described by 
Morgan and Bridges (9) and attributed to the effect of the dropping out 
of the sex chromosome at an early dmsion of the fertilized egg. The 
demonstration of the loss of a chromosome was possible from a knowledge 
(rf the factors linked with sex. As there are no factors known which are 
linked to the t3rpe allelomorphs of the rogue factors, the loss, by non¬ 
disjunction in the Fj hybrid, of the chromosome carrying the type factor 
can not be detected. In addition, in the F^ plants nondisjunctional 
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nuclear divisions would have to take place too regularly and too often 
to make the explanation seem reasonable. 

As an alternative hypothesis, the idea of "mass” somatic mutation 
is advanced to account for the anomalous behavior of the rogues in 
heredity. Using the factor symbols here adopted the x factor of Gradus 
is assumed to mutate occasionally to the X factor of Gradus rogue. 
The factor pair xx when in a homozygous condition is relatively stable 
and mutation to X rarely takes place. However, the heterozygous Xx 
combination is very unstable and x mutates with great frequency to X, 
creating a homozygous and more stable condition of the germplasm in 
regard to the X factor. Mass somatic mutation of x to X occurs in the 
soma of the hybrid at an early stage in its development 'and would 
account for the prevailing absence of the x factor among the F, gametes. 
The same phenomenon would be true of Gradus plants in which the 
primary mutation of x to X took place. Such a mutation occurring early 
in the ontogeny of a Gradus type plant would produce an individual 
which would gradually become more roguelike as it matured. Or when 
the mutation takes place late in the development of the plant, the 
form of the individual would not necessarily be changed but the issue 
derived from the cell containing the X factor, would, if it entered into 
gamete formation, cause rogues to-appear in tbe next generation. 

The fact that occasionally an F, hybrid of Gradus X Gradus rogue is 
Graduslike at maturity rather than roguelike is interpreted as indicat¬ 
ing that rare Gradus gametes arc produced, as a consequence of mutation 
or otherwise, in which the X factor is replaced by an allelomorph com¬ 
parable in stability to the x' of Mummy. 

It is probable that the rogues are an extreme manifestation of a series 
of mutations originating by changes in the x factor of Gradus. Thus the 
various sorts of intergrading intermediates described by Bateson and 
Pellew (i) may well represent various modifications of the factor x 
which may be designated as x", x'", etc. The xx” or x” x” 
combinations produce intergrading intermediates in which mutation of 
either of x or x” to X is more frequent than in Gradus type. The 
differences in the stability of the various modified x factors as exhibited 
in the rate of change of these factors to X, accounts for the existence of 
high and low rogue-producing strains of intermediates. 

The difference in the proportion of rogues produced from the lower 
as compared with the upper nodes of intergrading intermediates, besides 
being due to a multiplication of the somatic cells in which a primary 
mutation of x to X has occurred, may conceivably be caused by an increase 
in the number of somatic mutations brought about by physiological 
changes in the protoplasm as the plant matures. 

The mutation of x to X in Gradus, in the F, hybrid and in the inter¬ 
grading intermediate is comparable to what Emerson (5) calls a recurring 
somatic mutation. The varieties in which rogues arise are of the sort 
earlier described by de Vries {13) as “ever-sporting,” meaning that it is 
impossible to free the stock of the tendency to produce "sports” (muta¬ 
tions). 

The results in the F, generation of crossing Gradus type with Mummy 
and Gradus rogue with Mummy have led to the assumption of a factor 
pair Yy in addition to the xx factors as partly responsible for stipule 
shape in Gradus and Gradus rogue. In Gradus there are at least two 
factor pairs xx and yy determining the ratio of width to length of stipule. 
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The y factor in Gradus is linked viith the a factor for white flowers; its 
allelomorph Y is linked with tlic A factor for colored flowers in Mummy. 
The proof of the presence of two factors for stipule shape in Gradus and 
Gradus rogue lies in the fact that no linkage exists between the X factor 
(the mutated form of the x factor of Gradus) in Gradus rogue and the a 
factor for white flowers as determined from an analysis of the Fj genera¬ 
tion of the cross Gradus rogue with Mummy. 

The allelomorph, in Mummy, of factor x is probably not identical with 
X but is very similar in its somatic expression. At least in combination 
with y of Gradus (the x'x'yy segregates from the F^ generation of Rogue 
X Mummy), the x'x'yy plants have stipules very nearly like Gradus 
type. The factor. allelomorphic to x and found in Mummy is called 
x' to distinguish it from the x factor of Gradus. Additional evidence of 
a difference between x and x' is the fact that x' has never been known 
to mutate to X when x' is pi'esent in the homozygous state. The factor 
x' is apparently more stable than x. 

In addition to the assumed inherent stability of the x' factor found in 
Mummy it is probable that the Y factor also acts as a stabilizer of the 
germ plasm. The heterozygous F, plants of Gradus rogue X Mummy 
(YyXx') have a germ plasm which is certainly less affected by the 
presence of the X factor than is the lieterozygous Xxyy germ-plasm of 
Gradus rogue. With the Xx' combination, recurring somatic mass 
mutation to the extent obtaining in the F, generation of Gradus tyjje X 
Gradus rogue, does not occur. The various factors that entered the 
zygote take part in gamete formation at maturity and give rise to the 
expected Fj combinations. Although Y behaves as a stabilizer of the 
Fj germ plasm and retards mass mutation of x' to X, the extent of the 
influence is diflTicult to determine. Nor is it known to what extent, if 
any, senility affects the relation of the X and x' factors. It is possible 
that, with increasing age, the Fj plants exhibit a change in the muta¬ 
bility of x' to X, resulting in an increase of rogues among the Fj segre¬ 
gates. Since other distmbing causes than somatic mutation in the F, 
hybrid may combine to upset the expected number or ratio of Fj recom¬ 
binations, the deviations of the observed number from the calculated 
number of variates in any one class can not be used, for the F^ data at 
hand, to approximate the rate of change of x' to X. 

That changes in the X factor may occur in the Fj hybrids here di.s- 
cussed is indicated by the exceptional 1'^ plant (no. 9.727-6), which was 
similar in appearance and genetic behavior to the Fj hylsrids of Gradus 
type X Mummy. Additional evidence of mutation of X to some other 
form is shown in the behavior of two roguelike F, plants (No. 9.722-1 
and No. 9.722-5). These plants apparently produced very few, or no, 
rogues in the next generation (families o. 1059 and o. 1093). 'The primary 
mutation or mutations of X in the Fj parents was here delayed until 
late in development and, while not affecting the soma, radically changed 
the genetic character of the microspores and macrospores. 

An analysis of the F, generation of the cross Gradus rogue with Mummy 
substantiates the hypothesis of Mendelian inheritance of the rogue factors 
complicated by recurring somatic mutation. ']^e number of segregating 
to nonsegregating Fg families is in close agreement with the theoretic^ 
numto of I XX : 2 Xx' Fg rogue segregates expected from a mono¬ 
hybrid Fi generation. The ratio of XX to Xx' plants in the progenies of 
heterewygous F, rogues is disturbed by the phenomenon of recurring 
somatic mutation. 
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The discrepancy between observation and theory is great in respect 
to the ratio of rogues to nonrogues in the segregating F, families. How¬ 
ever, the fact of segregation is considered more important than the 
ratios obtained. The instability of the heterozygous Xx' combination, 
though not leading to a complete elimination of the x' gametes, by 
mutation of x' to X, is such as to produce an excess of X gametes over 
the number that would normally be formed if somatic mutation did not 
take place. 

SUMMARY 

(1) The Gradus variety of Pisum sahvum, characterized by broad, 

wavy, emarginate stipules with a mean ratio of of 1.70, 

occasionally produces rogue mutations, characterized by narrow, flat, 
pointed stipules with a mean ratio of 2.35. 

(2) Primary rogues are produced from Gradus types by a mutation 
of a .single factor x to X. They are tliercfore heterozygous, of the 
formula xX. They give an Fj of homozygou.s secondary rogues, XX, 
through recurrent (mass) somatic mutation of the x factor to X. Such 
recurrent mutation is believed to occur because of the instability of the 
combination of xX. 

(3) The crosses Gradus X Gradus rogue, and reciprocal, likewise pro¬ 
duce an unstable I', germ plasm in which mass, somatic mutation of x to 
X occurs. 

(4) The effect of mass somatic mutation in the F, hybrid is to produce 
a germ plasm homozygous for the X factor in by far tlie gieater number 
of the somatic cells. At gametogenesis only an occasional x gamete is 
produced. The F, generation consists almost entirely of rogues (XX), 
the Gradus type (xx) very rarely appearing. 

(5) In addition to the x factor a second factor y for stipule shape is 
present in both Gradus and Gradus rogue. The factor y is linked with 
the a factor for white flowers. 

(6) The English Mummy pea, a nonrogue producing variety, has a 
stipule ratio of 2.05 determined by a factor Y, allelomorphic to y of 
Gradus, and linked with the A factor for colored flowers. 

(7) In crosses between Gradus and Mummy the number of cross-overs 
between AY and ay is approximately 20 per cent. 

(8) Mummy, in addition to the Y factor, has a factor x' which is allelo¬ 
morphic to Uie X factor in Gradus type, therefore to the X factor of 
Gradus rogue. The x' factor is practically identical with the x factor in 
its expression but differs in that it only rarely mutates to X, even in the 
combination x'X. 

(9) The germ plasm of the F' cross, Gradus rogue (yyXX) x Mummy 
(YYX'x') is fairly stable. In the F' hybrids, YyXx', the factor x' 
mutates to X but not to such an extent as to prevent at gametogenesis 
the formation of the usual gametes, XY, Xy, x'X, and x'y, as indicated 
by the appearance in the Fj generation of rogues (having the X factor), 
Graduslike plants (having the x' and y factors), and Mummylike 
segregates (having the x' and Y factors). 

(10) The expected 3 : i ratio of rogues to nonrogues in the F^and succeed¬ 
ing generations obtained from the heterozygous Xx' plants, is disturbed 
by an excess of X gametes and consequently of XX and Xx' zygotes. 

(11) Inheritance of the factors for stipule shape X and y in Gradus 
rogue is Mendelian. Normal inheritance is obscured by somatic muta¬ 
tion of the factors x and x' when in the Xx or Xz' combination. 
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(12) In addition to determining a stipule ratio of 2,05 in Mummy, the 
factor Y acts as a stabilizer of the germ plasm. Somatic mutation of x' 
to X in the Fj cross between Mummy and Gradus rogue (Xx'Yy) does 
not take place to the extent in which mutation of x to X occurs in the 
crosses between Gradus type and rogue (XxYy) on account of the 
presence of the Y factor. 

(13) Besides mutations of x and x' to X, other mutations of x and x' 
occur which affect stipule shape. The nature of the latter kind of muta* 
tions has not yet been investigated. 
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PLATE I 

A. —Upper part of a mature type plant of Gradus. X K* 

B. —Upper part of a mature rogue plant of Gradus. X 14^ 
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Plate I 







PLATE 2 

A mature plant of the Mummy variety (Pi6). 

A. —The tip. X Vs- 

B. —^The part immediately below the portion shown in A. X Vs* 

C. —Lower part of the stem. X Vs- 



PLATE I 

A. —Upper part of a branch of a mature Fj plant of Gradus type X Mummy. X /i* 

B. —Upper part of a branch of a mature F, plantof Gradus rog^e X Mummy. X 



RogiJf' Typo in Gariion Peas 


Plate 3 
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Plate 4 



PLATE 4 



—Upper part of a mature broad (y) segregate from the Pa generation of Gradus 
X Mummy. Note the typelike emarginate stipules. X 
—The part immediately below the poition sdiown in A. X K* 



PLATE s fl 

A. —Upper part of an intermediate (Y) or Mummylike sepe^ate from the F2 gcner» 
ation of Gradus ^e X Mummy. Note the narrow pointea sfipules. X 

B. —^The part immediately below the portion shown in A. X X* 


a Plates 4 and 5 are of plants from the same Ft family. 








PLATE 6 

A. —Upper part of a mature broad segregate from tlie Fj generation of Gradus 
rogue X Mummy. X X. 

B. —The part immediately below the portion shown in A. X H- 



PIRATE 7 

A. —Upper part of a mature intermediate segregate from the Fj generationjof Gradus 
rogue X Mummy. X X* 

B. —The part immediately below the portion shown in A. X 







PLATE 8 ft 

A. —Upper part of a mature rogue segregate from the Fj generation of Gradus 
rogue X Mummy. X ^4- 

B. —The part immediately below the portion shown in A, X K- 


Plates 6, 7 , and 8 arc ot plants frcm the '•ame luinily. 




A METHOD OF TREATING MAIZE SEED TO DESTROY 
ADHERENT SPORES OF DOWNY MILDEW ‘ 

By William H. Weston, Jr. 

Formerly Pathologist in Charge of Downy Mildew Investigations, Office of Cereal Inves¬ 
tigations, Bureau of Plant industry, United States Department of Agriculture 

POSSIBLE INTRODUCTION OF ORIENTAL DOWNY MILDEWS 

Introduction into the United States of the Sclerospora downy mildews, 
which attack maize and related crops in the Orient, would be especially 
disastrous. These diseases are by nature essentially destructive and 
cause tremendous losses in the Orient. According to all available infor¬ 
mation they would prove equally destructive in the southern portion of 
our own corn belt. 

Despite the dangerous possibility of thus introducing such diseases, 
there is a fundamental need of importing maize, not in commercial 
quantities, but in small quantities for experimental purposes. As the 
extensive maize breeding of Mr. G. N. Collins, of the Office of Crop 
Acclimatization and Adaptation Investigations, has shown, there may be 
obtained from the peculiar types of maize growing in remote countries 
valuable characters which can be combined most advantageously with 
those of our own varieties. 

Under the Federal Horticultural Board regulations (including Quar¬ 
antines 21, 24, and amendments), which thus far have prevented the 
importation of these mildews, the procedure of introducing foreign 
varieties of maize and related Gramineae from infested countries is 
necessarily difficult. As is requisite, such seed is inspected, given such 
treatment as any insect pest or disease found on it may demand, and 
grown under constant observation in an isolated quarantine greenhouse. 
Seed from healthy plants thus grown may then be planted without 
restriction by the experimenters to whom the original shipment was 
consigned. This procedure, although reasonable and necessary, is time- 
consuming and laborious. 

A method of treating maize seed which will eliminate with absolute 
certainty any possibility of introducing maize mildews on such seed 
would be highly desirable. It is the purpose of this paper to present a 
method which the writer, after considerable experiment, has found to 
meet these requirements. 

The oriental downy mildews of maize and related Gramineae all belong 
to the genus Sclerospora of the phycomycetous order Peronosporales. 
Several species are involved, but in the main features of structure and 
reproduction they agree. Through the work of Raciborski (9),^ Rutgers 
(jj), and Palm (<?) on the Javan maize mildew; ot Butler { 2 ) on the maize 
mildew of India; of Lyon (5, 6), Miyake (7), and Lee { 4 ) on the maize 
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and sugar-cane mildew of Queensland, Fiji, Formosa, and the Philip¬ 
pine Islands; and of Reinking (lo) and Weston (14, 75, 16) on the 
maize mildews of the Philippines, our knowledge of these forms is fairly 
complete. We know that if they should be carried to the United 
States on maize seed, it would be by resistant mycelium within the 
seeds, or by conidia or oospores on them. That mycelium should be the 
means is most improbable. Palmas work on the Javan maize mildew 
and unpublished experiments of the writer on the Philippine mildew of 
maize show that in the case of these two Sclerosporas at least, mycelium, 
although frequently penetrating the seed of badly infected ears, appar¬ 
ently is unable to transmit infection to the seedling developing therefrom. 
In such vegetative propagative parts as cuttings of sugar cane, living 
mycelium of Sclerospora may be carried and transmitted; but, in the 
case of maize, which is propagated only by seed, this difficulty is avoided. 

Conidia adherent to maize seed can not accomplish infection. In the 
Philippine maize mildews the writer has found that conidia do not sur¬ 
vive drying even for as short a time as one hour. Butler {2) in India 
and Miyake (7) in Formosa find this to be true of the maize mildews of 
those countries also. 

It is preeminently probable that oospores on or in the maize seed can 
transmit infection. In the case of the closely related downy mildew of 
millet {Sclerospora graminicola [Sacc.] Schroet.) there is every evidence 
that intercontinental spread has been accomplished in this way. Whether 
the same means of distribution operates in the maize Sclerosporas we 
do not know. It should be noted in this connection that, although none 
of the several oriental mildews of maize has ever been found to produce 
oospores on maize itself, nevertheless these resting spores may occur 
abundantly on related hosts from which they can reach adjacent maize 
plantings. 

Since the conidia are so easily killed, it will be by the resistant oospores, 
if at all, thfit these downy mildews will be introduced on maize seed. 
Consequently seed treatment must be directed against the oospores. 
To be effective in the case of Sclerospora diseases, a method of seed treat¬ 
ment not only must destroy any of these resistant spores which may be 
present but also must meet certain unusual requirements. The efficacy 
of the usual types of seed treatment is customarily demonstrated by the 
failure of adherent spores to give growth of the disease-producing fungus 
when the treated seeds have been placed in suitable media. But this 
would prove no index in the case of Sclerospora, as germination of the 
oospores has never been seen, and growth of the fungus on artificial 
media has never been secured. To successful for Sclerospora, then, 
a method must give conclusive visible evidence of the destruction of the 
oospores. 

EXPERIMENTS IN SEED TREATMENT 

With this end in view, experiments were made with the substances 
customarily used in seed treatment. Of these, concentrated sulphuric 
acid fulfills the requirements most successfully, since it gives visible 
evidence of oospore destruction and yet does not impair seed germina¬ 
tion. This was determined as follows: 

Oospores (both fresh and two years dried) of the Sclerospora species 
so common (14,15) on Saccharum sponianeum L. and Miscanihus japonic 
cus (Thunb.) Anders, in the Philippines were mounted on a slide and 
carefully observed through the microscope while a drop of concentrated 
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sulphuric acid was drawn under the cover glass. Immediately the spores 
swelled and became distorted, either bursting at once or else less vio¬ 
lently extruding oil drops and protoplasmic content while the wall soft¬ 
ened and split open. Both content and wall rapidly darkened. Addi¬ 
tion of India ink to the acid made more noticeable the extrusion of even 
small amounts of spore content. After five minutes all the spores in 
the field were obviously collapsed and exploded, or otherwise gave every 
evidence of being killed. The effect of first wetting the spores with 
alcohol was tried, a drop of alcohol being drawn under the cover of a 
dry mount, left about one minute, drawn off, and replaced by acid. In 
this case, the extrusion of the contents and the killing of the spores were 
even more rapid and complete. Water as a wetting agent was less effec¬ 
tive than alcohol. There apparently was no difference between the 
wetting action of 80 to 95 per cent ethyl, methyl, or even denatured 
alcohol, or between the destructive effects of chemically pure or com¬ 
mercial concentrated sulphuric acid. 

Experiments were next made to determine what effect this spore- 
destroying treatment would have on maize seed. Dry seeds of typical 
dent, flint,* sweet, pop, and waxy-endosperm varieties of maize were put 
in separate glass jars, covered with concentrated sulphuric acid, and 
stirred occasionally with a glass rod during the 5 to 20 minutes of treat¬ 
ment. The acid was then drained off, and the seed washed for one hour 
in running water. Half of each lot of seed was planted, its germination 
recorded, and the character of the resulting plants observed. The other 
half was carefully dried, and its keeping quality tested by planting ex- 
perir^ental lots from time to time. Although no quantitative results were 
obtained, it was found that even after the most severe treatment the 
viability was retained by a considerable percentage of the seed for as long 
a period as three months, even under the unfavorable rainy season con¬ 
ditions of the Philippines. 

To prevent the persistence of minute air bubbles that might protect 
occasional spores from the acid, similar lots of seed were first given a pre¬ 
liminary wetting with alcohol for about a minute, the alcohol drained off, 
and the acid added. No difference either in immediate wetting effect, 
in subsequent action of acid on the seed, or in ultimate germination of the 
seed was apparent when 80 to 95 per cent ethyl, meSiyl, or denatured 
alcohol was used. Also there was no apparent difference between the 
effect of chemically pure or commercial concentrated sulphuric acid. As 
a result of the action of the acid, especially after treatments of 15 to 20 
minutes, the surface of the seed became somewhat blackened, but the 
germination percentage was not decreased beyond practicable limits by 
even the longest treatments. Fresh acid was used for each lot of seed 
for fear that the black gelatinous material remaining in the acid might 
dilute it sufficiently to decrea.se its efficiency. 

Some of these experiments in which representative kinds of maize were 
used are summfuized in Table I. Calamba yellow flint is a t5q)ical exam¬ 
ple of the flinty t)rpes grown by the Christian Filipinos quite generally 
throughout the Philippines, Boone County White represents the Ameri¬ 
can dent com that has been introduced and successfully grown on large 
hadendas in several parts of the islands, while Manobo waxy is typical 
of the small, rapidly maturing varieties of maize cultivated by some of 
the non-Christian tribes in the mountains. 



Tablb I .—Effect of treatments with sulphuric acid on germination and growth of three types of maize 
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Table I is significant only to the extent of showing that the method 
gives practical yields even after treatment more than rigorous enough 
to insure destruction of adherent spores. Too many extraneous factors 
are involved to allow significant comparison of such points as percentage 
of germination after different treatments or for different varieties. For 
example, the dryness and age of the seed were not in all cases the same, 
the location of the plots did not insure equal pollination, and the season 
of May to September, 1919, when most of the trials were made, terminated 
in six weeks of successive and violent typhoons that beat down and 
destroyed many plants. 

From a large number of such experiments the following routine for 
the treatment of maize seed was formulated. 

METHOD OF TREATING MAIZE SEED TO DESTROY ADHERENT 
SCLEROSPORA SPORES 

(1) Wet the seed with alcohol for one half to one minute; drain, and, 
while the seed surface is still damp— 

(2) Cover with concentrated sulphuric acid, allow to remain 5 to 10 
minutes, stirring from time to time, then drain off the acid. 

(3) Wash for one hour in running water, stirring the seed occasionally 
to insure complete removal of the acid. 

(4) Plant at once, or dry thoroughly and save for future planting. 

After carefully trying all phases of this method of treatment the 

writer is convinced that it meets successfully the requirements of the 
situation earlier outlined in this paper. By it oospores of Sclerospora 
that may be adhering to the maize seed may be destroyed, while at the 
same time the vitality of the seed is but little impaired. If planted at 
once, the percentage of germination is only slightly reduced, and most 
of the resulting plants are normal in growth and seed production. If 
dried and preserved, the percentage of germination declines gradually, 
but even after three months a sufficient number of normal plants will 
result to meet all practical purposes. 

Preliminary experiments indicate that this method of treatment is 
equally effective against spores of the Physoderma disease of maize, 
which in the Orient involves two causal species (3, p. 114; 12, p. 245- 
247), one of them already introduced and destructive in the southern 
United States (13). Preliminary experiments have shown also that this 
treatment can be used successfully in the case of teosinte {Euchlaena 
luxurians Schrad.), coix (Coix lachrymorjobi L.), and some varieties of 
sorghum {Andropogon sorghum [U.] Brot.). 

In its essential feature, i. e., the use of concentrated sulphmic acid, 
this method is by no means new. This reagent has been employed by 
several investigators for sterilizing the surface of many different varieties 
of seed. Brigham (i), for example, has used sulphuric acid to free pop¬ 
corn seeds from mold spores customarily adherent to them; and the 
same reagent is used by the Federal Horticultiural Board inspectors to 
destroy anthracnose spores on cottonseed. As modified to meet the 
.exacting requirements of maize seed suspected of carrying Sclerospora, 
however, the method, it is hoped, will fill a peculiar need, enabling 
experimental quantities of seed of desirable varieties to be imported 
from quarantined regions afflicted with Sclerospora mildews, and insuring 
that, after treatment, the seed may be planted immediately without 
restriction and without danger. 
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SUMMARY 

In various parts of the Orient there are several downy mildews (Sclero- 
spora spp.) that cause severely destructive diseases of maize. Yet it is 
desirable that seed of varieties with useful characters be imported even 
from such regions for experiment and breeding. This involves the 
danger of introducing these dreaded diseases into our own country by 
oospores adhering to the maize seed. Therefore such importations are 
grown in quarantine greenhouses to produce seed under constant obser¬ 
vation, a costly and time-consuming procedure. There is need of some 
method of seed treatment which with absolute certainty will destroy any 
oospores which may be adherent, and make possible immediate and 
unrestricted planting of the seed. Such a method not only must give 
conclusive visible evidence of destroying* the resistant vSclerospora 
oospores which might be on the seed, but also must leave the viability 
of the seed unimpaired. The writer finds that treatment with sulphuric 
acid after preliminary wetting with alcohol successfully fulfills these 
requirements. Details of the method are given in this paper. 
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INFLUENCE OF THE SUBSTRATE AND ITS HYDROGEN- 
ION CONCENTRATION ON PECTINASE PRODUCTION ‘ 


By L. L. Hartbii and J. L. Wkimer, Pathologists^ Office of Cotton^ Truck, and Foiage 

Crop Disease Investigations^ Bureau of Plant Industry, United States Department of 

Agriculture 

INTRODUCTION 

Fonner investigations by the authors (9)* have shoAvn that Rhizopus 
tritici Saito produces a substance of the nature of an enzym which has 
the power to dissolve the middle lamellae of raw sweet-potato {Ipomoea 
batatas) disks. This macerating principle was found to be thermolabile 
and to be produced abundantly in sweet-potato decoction in cultures 
one or two days old. It was found that while the mycelium itself retained 
some of the enz3an which is called pectinase in ^ese investigations, a 
portion of it was excreted into the culture solution on which it grew. 
Investigations have also proved that pectinase is produced by a number 
of other species of Rhizopus, some of which are able to cause a typical 
softrot of sweet potatoes. The amount of enz3rm produced was not 
equal in all cases. The most parasitic species did not necessarily produce 
the largest amount of enzym under cultural conditions. For example, 
Rhizopus nigricans Ehrb., which is the common softrot-producing 
organism in sweet-potato storage houses, produced a small amount of 
enzym in culture. 

In order to study the action of the enzym on raw sweet-potato disks, 
the organism was grown for two or three days in a solution of sweet- 
potato decoction. ITie mycelium was then removed and treated accord¬ 
ing to a method described elsewhere (9). The ability of the enzym, 
contained both in the mycelium and in the solution, to macerate raw 
disks was tested. Measured portions of the solution were pipetted into 
small flasks, some of which were steamed to inactivate the enzym. 
Raw sweet-potato disks i cm. in diameter and i mm. in thickness were 
dropped into the steamed and unsteamed solutions which were then held 
at 45° C. Maceration was usually completed in from 2 to 4 hours in the 
solution containing the active enzym. The disks in the steamed controls 
had not been acted upon in that length of time. If, however, the disks 
in the control solutions were examined at the end of 24 hours, they were 
frequently found partially or completely macerated, the cells separating 
along the line of the middle lamellae in a manner typical of those in 
active enzym solution. In searching for an answer to this curious 
phenomenon two possible explanations presented themselves; first, that 
the etaym was not actually completely inactivated, altliough the solu¬ 
tions were steamed in an Arnold sterilizer for 10 minutes; second, that 
some other substance was produced which acted in a manner identical 
with the enzym itself. 

When a modified Czapek’s nutrient solution was used, a solution 
employed quite generally in these investigations, the results were even 

^ Accepted for publication Jan. 32, 1923, 
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more striking. It was found that in the case of this solution steaming 
caused no change, the steamed solutions macerating as readily as the 
unsteamed. These results indicated that the enzym was not secreted, 
but that some other substance was produced which had the power to 
dissolve the middle lamellae. 

These results indicated two possibilities; first, that the enz)nn was 
not secreted when the fungus was grown on certain substrates or only in 
a small amount; and, second, that although the enzym was not secreted 
the organism^! made the solution sufficiently acid to cause maceration of 
raw sweet-potato disks. In view of these facts, the authors undertook to 
make a study of the influence of the substrate on the production of 
pectinase, and of the changes in acidity produced by the fungus in 
different media as measured in terms of hydrogen-ion concentration. 
It will be shown in the discussion later that investigations have enabled 
the authors to explain some of the curious and puzzling results with 
respect to the parasitism of some of the species of Rhizopus causing soft- 
rot of the sweet potato. 

Since Rhizopus iritici has been employed in so many of the investiga¬ 
tions by the writers in this particular field, it was decided to use it in 
these studies. Rhizopus iritici grows readily in culture. It is parasitic 
on the sweet potato and produces an abundance of pectinase. Although 
not as common in storage as Rhizopus nigricans, it lends itself to physiolog¬ 
ical studies herein outlined more readily than does the latter species. 

INFLUENCE OF THE SUBSTRATE ON PECTINASE PRODUCTION 
methods of experimentation 


In order to determine what influence the substrate had on the pro¬ 
duction of pectinase, lo different media were employed as follows: Bean, 
prune, Irish-potato, carrot, turnip, and sweet-potato decoctions, beef 
bouillon and a modified Czapek’s, Keffer’s and Richard’s solutions. 
The vegetable and fruit decoctions were prepared by using 500 gm. of 
the fruit or vegetable in i liter of water, cooking for one hour and then 
filtering. Measured portions of these decoctions were put in small 
flasks, which were then plugged and autoclaved for about 20 minutes 
at 15 pounds pressure. TTie beef bouillon was prepared according to the 
usual method for preparing this medium. Some modifications were 
made in Czapek’s, Keffer’s, and Richard’s solutions. For example, the 
NaNO, in Czapek’s solution was replaced by an equal amount of NH^NO,. 
Glucose, 50 gm. per liter, was used as a source of carbon. The substitu¬ 
tion of NH4NO3 for NaNOj was made because previous experiments 
showed that Rhizopus Iritici thrived better when the nitrogen was 
derived from ammonium nitrate. Investigations have also shown that 
the fungus can not utilize cane sugar, hence glucose was substituted 
for it. 

Keffer’s and Richard’s solutions were made according to the following 
formulae: 


KH.,P 04 


KNO,.. 
MgSO^.. 
NH4NO. 
FeSO.... 


Glucose 


Water, 


PrEFFSK’S. 

Richard’s. 

• 5- 0 gm. 

0. 5 gm. 


4. 0 gm. 

2. 5 gm. 

0. S gin 

10. ogm. 

10. 0 gm. 

Trace. 

Trace 

100 gm. 

60. 0 gm. 

IjOOOCC. 

• I 000 cc. 
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The original Pfeffer’s and Richard’s solutions call for cane sugar, but, 
in view of the fact that the fungus used in these investigations does not 
utilize it, glucose was employed instead. All the different media were 
prepared in lar^ quantities and held in flasks stoppered with cotton and 
covered with oiled paper until ready for use. Just previous to using, 
30 cc. of the solutions were pipetted into eacli of fifteen 100 cc. Erlen- 
meyer flasks which were then autoclaved for 20 minutes at 15 pounds 
pressure. Ten flasks of each solution (set) were inoculated after which 
they were incubated at 35° C. The remaining 5 flasks of each set were 
held as controls. 

At the end of the growth period, usually three to four days, the myce¬ 
lium from all the flasks of a single series was collected into one compound 
sample and prepared for macerating experiments, according to methods 
previously described. The solutions on which the fungus grew in each 
set were made into one compound sample and equal portions (about 
30 cc.) pipetted into small flasks to which raw sweet-potato and carrot 
disks were added. A portion of each of the solutions was steamed for 
10 minutes to inactivate the cnzym which, together with flasks of the 
original solutions which had not supported a fungous growth, were 
used as controls. An accurately weighed amount of mycelium (0.25 
gm.) ground in pure quartz sand was used in determining the macerat¬ 
ing action of the hyphae. The mycelium was not extracted in water 
prior to the addition of the raw disks, since previous experiments showed 
(9) that the rate of maceration was not influenced thereby. The ground 
mycelium was included in the system. 

The hydrogen-ion concentrations of the solutions and of the controls 
(not inoculated) were determined by the electrouictnc method as rapidly 
as possible after the hyphae were removed, in all cases during the same 
day. 

EXPERIMENTAL DATA 

In this series of experiments 10 different solutions were employed, 6 
being of vegetable origin, 3 synthetic solutions, and 1 of beef bouil¬ 
lon. In one or two series of experiments in which a modified Czapek’s 
nutrient solution was employed as a substrate it was noted that no pec- 
tinase seemed to be produced, although it was abundantly secreted in 
sweet-potato decoction with which it was being compared. It vras also 
noted in these cases that even in the absence of pectinase a certain 
amount of maceration of sweet-potato disks occurred. In view of these 
facts, experiments were undertaken to study the regulating action of 
certain substrates on the production of the enzym. The substrates here 
employed were selected as being representative of the vegetable decoc¬ 
tions and synthetic solutions in common use. It was also believed that 
if the substrate exercised any influence on the production of pectinase 
that fact would be brought out by these media. 

MYCBUAL growth 

In these series of experiments the dry weight of the mycelium was not 
determined. The mycelium was all used in maceration experiments. 
In general, the growth and fruiting of the fungus on the media of vege¬ 
table origin were good, being much better than they were when the fun¬ 
gus was grown on the synthetic solutions or on beef bouillon. Bean, 
carrot, and turnip decoction yielded the best growth and fruiting. A 
fair growth took place in prune decoction, but little or no fruiting. The 
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growth and fruiting on Irish-potato decoction were good but somewhat 
inferior to what they were on bean, carrot or turnip. The growth was 
poorer on sweet-potato decoction than on any of the vegetable prepara¬ 
tions. The growth on the three synthetic media and on beef bouillon 
was not as good as on the vegetable decoctions. A better growth was 
made on beef bouillon than on Czapek’s, Keffer’s, or Richard’s solutions. 
ITie poor growth on Czapek’s solution was rather surprising in view of 
the fact that Rhizopus usually grows well and fruits abundantly on it. 
Tlie time for terminating the experiment was gaged by the stage of 
fruiting of the fungus. It was shown by Brown (2) and by Harter and 
Weimer (9) that the maximum amount of the macerating principle was 
contained in the mycelium just at or just preceding fruiting. Fruiting 
began a little earlier on the vegetable media than on the synthetic ones, 
consequently the experiments in which the vegetable media were used 
were terminated usually one day sooner than the others. 

hydrogbn-ion concentration 

'The hydrogen-ion concentrations of the uninoculated solutions and 
the solutions on which the fungus grew are shown by Table I. 

Table I. — Hydrogen-ion concentration 0/ inoculated solutions and controls {uninoculated 
at the end of the experiments in terms of Pg) 



Experiment i. 

Experiment 2. 

Media. 

— 

— 

— 



Control. 

Inoculated. 

Control. 

Inoculated. 

String-bean decoction. 

4. 88 

7. 82 

4. 80 

7 - 99 

Prune decoction. 

3 - 95 

.3-58 

3 - 91 

3*53 

Irish-potato decoction. 

5.68 

7.48 

5.60 

7. 80 

Carrot decoction. 

5.18 

4 - 36 

4.98 

4 - 47 

Turnip decoction. 

5 - 05 

4* 03 

4-83 

4.36 

Sweet-potato decoction. 

5. 22 

3 - 24 

s- 05 

3-31 

Czapek’s solution. 

4. 84 

2.34 

4.14 

2.47 

Pfener’s solution. 

3 - 53 

2, 56 

3-48 

1 2.61 

Richard’s solution. 

3*44 

2, 51 

3 - 36 

2. 46 

Beef bouillon. 

8. 29 

8. 18 

8.04 

8.52 


A survey of Table I shows that there is about as close an agreement 
in Pn values between the two exjieriments as could be expected from 
two experiments carried out at different times and under somewhat 
different conditions. The greatest variation noted is in the controls in 
connection with Czapek’s nutrient solution. The solutions for the two 
experiments were prepared at One time so that those used for the second 
experiment stood for some time longer. A certain amount of evapora¬ 
tion would probably take place and chemical reactions are not unlikely. 

A further examination of the table reveals other curious facts with 
respect to the hydrogen-ion concentration. The growth of the fungus 
caused some change in the hydrogen-ion concentration of all the solu¬ 
tions although in the case of beef bouillon and prune decoction it was not 
large. On the other hand, the change produced by the fungus when 
growing on string bean and Irish potato decoction and on Czapek’s solu¬ 
tion was quite marked. In experiment l in string-bean decoction the 
hydrogen-ion concentration was decreased from Ph 4.88 to 7.82 and 
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on Irish-potato decoction from Ph 5.68 to 7.48. The hydrogen-ion 
concentration was increased from Pn 4.84 to 2.34 on Czapek’s solution. 

If a comparison is made of the hydrogen-ion change produced in the 
six vegetable decoctions, it will be seen that in some cases it is increased 
and in others decreased. This is contrary to what might be expected 
on theoretical grounds. Before these experiments were conducted it 
had been many times demonstrated that Rhizopus tritici made sweet- 
potato decoction more acid. For this reason it was predicted that it 
would produce similar changes when growing on other vegetable decoc¬ 
tions prepared in a similar manner. However, it was found that some 
of the decoctions (carrot, turnip, sweet potato) became more acid while 
others (string bean, Irish potato) became less so. 

The synthetic media were all more acid at the close than at the begin¬ 
ning of the experiment, Czapek’s nutrient solution showing a greater 
increase in hydrogen-ion concentration than either Pfeifer’s or Richard’s 
solutions. Beef bouillon, a solution not well suited to the growth of 
Rhizopus tritici, was very little changed in acidity, becoming less alkaline 
and more alkaline in experiments i and 2 respectively. 

The outstanding conclusion to be drawn from these experiments alone 
is that it is not safe to class any one fungus as an acid or an alkaline- 
producing organism. These experiments too clearly demonstrate that 
an organism may be an acid producer on one medium and the reverse 
on another. The class to which an organism belongs would clearly 
seem to depend upon the media used and should be determined in each 
individual case. 

E.NZYM PRODUCTION 

The amount of enzym produced was measured by the time required 
to macerate raw sweet-potato and carrot disks i mm. thick suspended 
in the solution on which the fungus grew and in a water suspension of 
the mycelium. The lime required to effect loss of cohesion of the cells 
of disks by the enzym secreted into the solution of the different media 
and retained by the mycelium is shown by Table II. It must be remem¬ 
bered that these results are only approximate, since it is not always 
easy to tell just when loss of coherence is complete. It is believed, 
however, that they are accurate within the limits of ± 5 per cent. 

Table II .—The time (in hours) required to macerate raw sweet-potato and carrot disks by 
the enzym in the solution and in a water suspension of the mycelium 


Media. 

Experiment i. 

Expenmeat a. 

Solution 

(sweet 

I^ato). 

Hyphae. 

Solution. 

Hyphae 

(sweet 

potato). 

Sweet 

potato. 

Carrot. 

Sweet 

potato. 

Carrot. 

String'bean decoction_ 

Prune decoction. 

Irish«potato decoction.... 

Carrot decoction. 

Turnip decoction. 

Sweet-potato decoction... 
Czapek'a lolutkn. 

Phffcr’tioliitiaa. 

Ridiard'a solution. 

6.00. 

None in 24. 

S «75 . 

a* 7 S. 

a. as. 

a -75 . 

None in 24. 

.. .do. 

.. .do. 

70. 

7 to a4. 

5-0 . 

4*5 . 

4-0 . 

5*5 . 

Consider¬ 
able in ja 

.. .do.. 

,. .do.. 

7 to 34 . 

7 to t 4 . 

7 to a4. 

5 . 

7 to 34. 

None in 30. 

.. .do. 

.. .do. 

4.5. 

None m 24 

3.0. 

30. 

3.0. 

3.0. 

None in 34 

.. .do. 

.. .do.... 

7 to a4. 

None in 24. 

6-5 . 

3.0. 

a.o. 

55 . 

None in 24. 

.. .do. 

.. .do. 

7 to 24 

7 to 24. 

7 to 24. 

5 0 

30 

6 * 7 S- 

None in a4. 

Do. 

Do. 

Do. 

BeefbottiOon. 

.. .do .. 

.. .do. 

.. .do.... 

. .do. 

. .do. 
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It was demonstrated that a macerating enzym was produced by 
Rhizopus tritici when grown on all the vegetable decoctions, with the 
possible exception of the prune, and that this enzym was quite active in 
some cases (carrot, sweet potato, and turnip). An examination of ex¬ 
periment 2, Table II, shows that loss of coherence of both sweet-potato 
and carrot disks was complete in the turnip decoction in two hours and in 
the carrot decoction in three hours, and in the suspension of hyphae 
grown on these decoctions in three and five hours respectively. The 
rate of maceration by the enzym in the sweet-potato decoction and 
b)' that in the hyphae growm on this solution was about the same as 
that obtained in many previous tests. Although there was a fair growth 
of mycelium on prune decoction, the writers were unable to demonstrate 
the presence to any extent of pectinase either in the solution or in the 
hyphae. With this exception, the vegetable media all produced a 
demonstrable amount of pectinase. There w^as considerable variation 
in the amount produced in the different media, the complete loss of 
coherence being shown by some solutions in less than one-half the time 
required by others. 

The production of pectinase could not be demonstrated in any of the 
S3mthetic solutions or in beef bouillon or the mycelium grown on them. 
From these results it seems safe to conclude that there is something in 
the composition of most of the vegetable decoctions which stimulates 
the production of pectinase, which is not present in the synthetic media 
or in beef bouillon. 

A probable explanation of the difference betw'een the synthetic 
media and the vegetable decoctions with respect to the production of 
pectinase by the fungus growing on them may be sought in the regu¬ 
latory action of the substrate. A number of investigators have 
shown a quantitative regulation of the production of enzyms, while 
Knudson (ij) demonstrated a qualitative regulation of tannase wdth 
•Aspergillus niger and PenicUlium sp. He found that these fungi pro¬ 
duced gallic acid by the fermentation of tannic acid when the latter 
was added to a modified Czapek’s nuliient solution, but if supplemented 
with glucose no tannase was formed. A number of other substances 
when used as a source of carbon failed to stimulate the secretion of 
tannase. Katz (74) studied the regulatory action of certain chemical 
substances in the substrate on the secretion of amylase by PenicUlium 
glaucum, Aspergillus niger, and Bacillus megatherium and found that 
while the amylase secretion was not prohibited by the presence of sub¬ 
stances chemically allied to starch, their effect was to greatly inhibit it. 
He found that the different fungi did not act identically and cites as 
proof the results obtained with A . niger and P. glaucum, in which case 
sugar had a much less inhibiting effect on the production of the enzym 
with the former than with the latter. Similar conclusions were reached 
by Duclaux (6) with P. glaucum and A. glaucus, though he considered 
only the enzym excreted into the culture medium. A number of other 
investigators, among them Kylin (16), have made similar studies. He 
worked with P. glaucum, P. biforme, and A. niger, and found no quali¬ 
tative regulation of the enz)nms (diastase, invertase, and maltase), 
though a quantitative regidation was conclusively proved. In the case 
of P. glaucum the regulatory secretion of diastase was greater than in that 
of A. niger. In this same connection the results obtained by Young 
{26) with A. niger may be cited. He showed that inulase was produced 
in greatest amount in the mycelium when inulin was used as the source 
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of carbon, but was likewise produced when other carbohydrates were 
employed. The substances most closely allied to inuHn were most effi- 
ciept in the production of the enzym. Investigations along similar lines 
have been made by Went (aa), Wortmann {24), Dox (5), Pfeffer (rp), 
Brunton and MacFayden (3), Harter {8), and others. Went, for instance, 
showed that Monilia sitophUa secreted a number of enzyins, some of 
which were produced only when the particular substances on which they 
act were present in the culture solution. Brunton and MacFayden found 
that a bacterium formed diastase when cultivated on starch paste but 
not when growm on meat broth. Dox, on the other hand, demonstrated 
that the enzyms were secreted by Penicillium camembiTfi, regardless 
of the chemical nature of the substrate. He found that by cultivating 
the fungus on any particular substratum the quantity of the correspond¬ 
ing enzym could be increased, but that no enzym not normally produced 
by the organism could be developed by any special method of nutrition. 
Harter likewise showed that when different carbohydrates were used 
alone or in combination in the culture medium, although amylase was 
produced when sugars alone were employed, it was secreted in greatest 
abundance when starch was the onl}' source of energy. 

The preceding review of some of the literature shows that the quantita¬ 
tive regulation of enzyms is a rather common phenomenon. The quali¬ 
tative regulation, however, has been demonstrated in only a few cases. 
Failure to demonstrate the presence of an enzym does not necessarily 
constitute positive proof that it is not secreted. It is a well known fact 
that some enzyms act only under certain conditions—that is, in the 
presence of certain acids or alkalies or electrolytes or other substances, 
the so-called co-enzyms. For example, it has been shown that the 
presence of either the chlorin or bromin ion is absolutely essential to 
the activity of pancreatic amylase (/). It is a fact, however, that the 
writers have been unable to demonstrate the production of pectinase by 
R. iritici on Czapek’s, Pfeffer’s, and Richard’s solutions and on beef 
bouillon. On the other hand, it was freely produced in all vegetable 
decoctions with the exception of prune decoction, where its secretion was 
doubtful. 

With these facts in mind the writers suspected that there might be 
some substance or substances in the vegetable decoctions which were 
stimulating the production of pectinase that were absent in the synthetic 
media and in beef bouillon and that this substance was probably one or 
more of the pectic compounds. Experiments were therefore initiated in 
which pectin obtained in as pure a state as it was possible to make it was 
introduced alone and in combination with glucose into Czapek’s modified 
nutrient solution as the available sources of carbon. 

The pectin was obtained from the carrot, the method described by 
Hunt (lo) being followed for the most part in its preparation. A num¬ 
ber of flasks were prepared, using Czapek’s modified nutrient solution as 
the substrate. In some cases dextrose (20 per cent), in others pectin 
(i per cent), and in still others dextrose (20 per cent), and pectin (,i per 
cent) in combination were supplied as the source of carbon. Thirty 
cubic centimeters of these solutions w^ere placed in each flask and after 
inoculation wdth a spore suspension of Rhizopus iritici the cultures were 
incubated at 35° C. At the end of 4 days’ growth the mycelial felts 
from all of the flasks of a single series were combined into one compound 
sample and prepared according to the usual method with acetone and 
ether for macerating experiments. Likewise, the solutions on which the 
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fungus grew from a single experiment were made into one sample and 
immediately used for the maceration of raw sweet-potato disks. A 
portion of this solution which was first steamed to inactivate the ttayta 
together with the uninoculated solution, served as controls. Hydrogen- 
ion determinations were made of the inoculated solutions and of the 
uninoculated controls at the close.of the experiment. 

A good growth was obtained in each of the different series. The best 
growth and fruiting, however, were obtained when dextrose and pectin 
were combined in the same solution. 

Some interesting results with respect to the hydrogen-ion concentra¬ 
tions were likewise obtained. In one experiment Czapek’s solution 
plus 20 per cent dextrose with an original hydrogen-ion concentration 
of Ph 5.24 had a Ph of 1.93 after the fungus had grown on it for 4 days. 
When I per cent pectin alone was substituted for the dextrose the solu¬ 
tion had an original Pr of 4.38 and (after the fungus had grown upon it) 
a final hydrogen-ion concentration of Pr 3,76. 

In another experiment the following results were obtained: Czapek's 
solution plus 20 per cent dextrose with an initial Pr of 4.94 had a final 
Pr of 1.85. When 20 per cent dextrose and i per cent pectin were used 
the initial Pr was 4.09 and the final 1.70. If, on the other hand, pectin 
alone was used the original hydrogen-ion concentration was Pr 4.43 
and the final Pr 3.90. The results show clearly that the pectin itself 
while supporting a good growth of mycelium is not so efficacious in the 
production of acid as dextrose. 

Equally striking results were obtained with respect to the production 
of a middle lamellae dissolving enzym. It has already been pointed out 
that pectinase was not produced on Czapek’s nutrient solution with 
dextrose as a source of carbon. Comparative experiments as detailed 
above showed that only a feeble macerating principle could be demon¬ 
strated either in the mycelium or in the solution on which the fungus 
grew when Czapek’s solution plus 20 per cent dextrose was used or when 
the same solution plus 20 per cent dextrose plus i per cent pectin were 
employed as the source of energy. On the other hand, when pectin 
alone was used as a source of carbon a vigorous cell wall dissolving enzym 
was secreted. In one series of experiments coherence of the cells of 
sweet-potato disks immersed in the solution was entirely lost in 3X hours 
when pectin alone was used. When dextrose was employed 24 hours 
were required. There was no maceration in 24 hoiurs in the steamed 
control when pectin was used. When glucose was used maceration was 
completed in 24 hours, which was probably caused by tiie acid (Pr 1.93) 
in the solution. 

A second series of experiments gave results similar to those discussed 
above. When pectin alone was used as the source of carbon maceration 
in the solution and by means of the mycdium was completed in two and 
three hours, respectively. On the other hand, when glucose alone or in 
combination with pectin was employed 22 hours were required for the 
complete loss of coherence of the cdls in the solution and in a water sus¬ 
pension of the mycelium. It is interestiag to note in this connection 
that maceration was completed in the steamed controls in 22 hours, whidi 
may have been, due to the add (Pr 1.85 in 20 per cent dextrose and Pr 
1.70 in 20 per cent dexUose + i per cent pectin) formed. 

The results of the experiments as detwed above seem to indicate 
clearly a rather marked quantitative if not qualitative regulation of 
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pectinase. Although the qualitative regulation of pectinase has been 
demonstrated here for the first time, it is a well-known phenomenon 
for other enzyms. A brief review of some of the literature bearing 
on other enzyms showed that some of them, diastase for instance, are 
produced more abundantly when starch forms the only available source 
of carbohydrates in the solution. 

INFLUENCE OF THE HYDROGEN-ION CONCENTRATION OF THE 
SUBSTRATE ON PECTINASE PRODUCTION 

METHODS OF EXPERIMENTATION 

Two different solutions, sweet-potato decoction and Czapek’s modified 
solution, were used in the investigations of the influence of the hydrogen- 
ion concentration of the substrate on pectinase production. These two 
solutions were employed for two reasons: First, it has proved that 
Rhizopus iriiici makes a good growth on both of them; second, they are 
easily prepared and thus available for experimental work at all times. 
The original solutions were prepared in sufficient quantity for a number 
of experiments. In the case of Czapek’s nutrient solution the chemicals 
were put into a large enamel-ware vessel and the water added. The 
sugar was then added and the mixture heated for about one-half hour. 
A precipitate which formed during the process of heating was removed 
by filtering. The sweet-potato decoction was prepared according to the 
method described on page 862,except that 800 gm. of potato were used for 
each liter of water. From this point on the methods employed were the 
same for both solutions. Both solutions were made up to a strength such 
that when 30 cc. were diluted to 50 cc. they were of the desired concen¬ 
tration. The general method for adjusting a solution to a definite hydro- 
gen-ion concentration described by Karrer 'and Webb (13) was employed. 
These authors, using Czapek’s solution and beet decoction, worked out a 
method whereby the addition of a definite amount of acid, alkali, or 
water to 30 cc. of the stock preparation would give a definite hydrogen-ion 
concentration. They showed that it was possible to obtain a range of 
Ph 1.2 to 10 -f and 1.2 to 9.8 in beet decoction and Czapek’s solution 
respectively by varying the amounts of N/5 HCl and N/5 KOH. The 
writers, selecting out of the series given by Karrer and Webb such Ph 
values as they wished to use, employed their method and made up 
Czapek’s nutrient solution and sweet-potato decoction to these hydrogen- 
ion concentrations. Although the hydrogen-ion concentrations obtained 
were not identical with those obtained by Karrer and Webb, they gave a 
range sufficient to meet all the needs of these experiments. The final 
amount of the solution in each flask was 50 cc. Exactly 30 cc. of the 
stock solution (Czapek’s solution or sweet-potato decoction) were added 
to each flask by means of a self-filling burette. The desired amount of 
water was added and the solutions were then autoclaved for 20 minutes 
at 15 pounds pressure. The required amounts of acid and alkali were 
then added to each flask under aseptic conditions. The burette was first 
sterilized with 95 per cent alcohol and then washed with sterile distilled 
water. Care was taken at every step to prevent contamination. The 
quantity of acid, alkali, or water to be added to make the solutions up to 
50 cc. depended upon the hydrogen-ion concentration desired. 

The acid and alkali with which the dilutions were made were held in 
two liter flasks. The flasks were plugged with rubber stoppers through 
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which two glass tubes passed, one of which was long enough to extend 
nearly to the bottom of the flask. The liquid was drawn out through 
the long tube. The other tube, through which the air entered the flask, 
was stoppered with cotton to prevent the entrance of contaminating 
organisms with the inflowing air. The flasks so prepared were auto¬ 
claved for 20 minutes at 15 pounds pressure. 

The culture flasks, after being finely prepared, were allowed to stand 
for two days before inoculation in order to determine which if any of 
them were contaminated. In spite of all the possible precautions, 
some of the flasks in every experiment became contaminated. These 
were discarded and a portion of the remaining flasks were inoculated 
with a spore suspension of Rhizopus triiici. ^me of the flasks were 
held as controls. The cultures were incubated in the dark at a constant 
temperature of 35° C. 

The duration of the experiment varied from 5 to 8 days. At the close 
of the experiment a portion of the mycelium and of the solution on 
which the fungus grew was prepared according to methods already 
described and used for macerating tests. Another portion of the my¬ 
celium was used in obtaining the dry weight of the fungous material 
produced. A portion of the solution was used to determine the hydrogen- 
ion concentration and the amount of dextrose present in Czapek’s 
solution only. The sugar was determined by means of a Fric sacchari- 
meter. The hydrogen-ion concentration and sugar content of the 
controls and inoculated flasks were determined on the day the experiment 
was terminated. 

Fifteen flasks of each hydrogen-ion concentration were prepared, 10 
of which were inoculated. The remaining 5 were held as controls. 

BXPBRIMSNTAI, DATA 

It has already been shown that pectinase was not produced in Czapek’s 
nutrient solution when dextrose was used as a source of carbon. It 
was found, however, that when pectin was employed in the substrate 
as the only source of carbon in Czapek’s solution a powerful middle 
lamellae dissolving cazyta was secreted. When pectin was combined 
with dextrose as a source of energy pectinase was produced, but its 
action was much slower, being presumably secreted in a much smaller 
amount. It was likewise pointed out that Rkizoptis iritici produced a 
macerating substance on several vegetable decoctions (turnip, sweet 
potato, Irish potato, carrot, and bean) but not on synthetic media 
(Pfeffer’s, Richard’s, and Czapek’s solution and beef bouillon). Further¬ 
more, it has been demonstrated that some substance which causes 
maceration of raw sweet-potato disks is produced when Rhizopus triiici 
is grown on Czapek’s nutrient solution. That this substance was an 
acid seems likely as some of the experiments to be detailed below will 
show. In Anew of the fact that Czapek’s nutrient solution became 
rapidly acid when R. triiici was grown on it, it was suspected that the 
production of the acid interfered with the secretion of pectinase. It is 
also interesting to note in the way of comparison that when sweet-potato 
decoction in which p^tinase was abundantly produced was used as a 
substrate the final acidity as measured in Pb, although increased, was 
never as high as in Czapek’s solution. 

A series of experiments were therefore outlined to determine what 
effect the original hydrogen-ion concentration of the substrate (Czapek’s 
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solution, sweet-potato decoction) would have on the secretion of pecti- 
nase. The methods used in these experiments have been outlined 
already. The results of these experiments are shown in Tables III to VI. 

Table III gives the results of experiment i, in which the Ph values 
of the original control solutions (column i) varied from 1.04 to 8.53. 
In this experiment the fungus grew for 5 days. 


Tabi^i? III. —{Experiment i) showing hydrogen-ion concentration and dextrose content 
of the control and inoculated Czapek's solution, the time required by ihem to macerate 
sweet-potato disks, and the dry weight of the mycelium produced 


P*iof 

con¬ 

trol. 

Pa of 
inocu¬ 
lated 

Dextrose 
in con¬ 
trol. 

Dextrose 
in inoc¬ 
ulated 

Time required to cause macer¬ 
ation in control. 

Time required to cause macer¬ 
ation in inoculated. 

Dry 
weight 
of my¬ 
celium. 



Percent. 

Per cent. 



Gm, 

1.04 
I. 71 

X. OX 

14 - 7 

14- 95 

IS- as 
IS- as 

Complete in 5 hours. 

Complete in 5 hours. 

Complete in 24 hours . 

None 

Do 

X. 76 

Complete in 24 hours . 

2 62 

3. 37 

14 - 95 

14 55 

Some in 48 hours. 

Some in 48 hours. 

0.0383 

3.58 
s- 82 

3 . 18 

14-95 

14-95 

I 3 ‘ 75 
13.40 

Nearly complete in 48 hours... 
... do. .. . 

Complete in 48 hours. 

.0728 

.0972 

3 . X 7 

do.. . 

6. ox 1 

• a. x8 

14-95 
14 - 95 

13.30 

X3.00 

Complete in 48 hours . 

do. . 

- X005 

• 1147 

6.57 

a- IS 

. .. do. 

.. do. 

7. a8 

a. 30 

14 - 95 

ia.S 5 

.. do. ... . 

do. 

-1357 

7.61 

3 33 

X4.90 

xa. 30 

Some in 48 hours.. 

. . do. 

• 1553 

7 - 9 * 

a. 39 

14.85 

13 .00 

Very little in 48 hours . . . 

Nearly complete in 48 hours 

. 1630 

8. 13 

3 . 59 

14.70 

xa. 40 

Doubtful if any in 48 hours.... 

Very little in 48 hours. 

.1748 

8 . S 3 

3 66 

14- 55 

13 40 

None. 

Practically none in 48 hours. . 

. 1780 


In experiment 2 (Table IV) the fungus was allowed to grow for seven 
days. Carrot disks were macerated in about the same time as the sweet- 
potato disks. If there was any measurable difference the carrot disks 
were macerated in a little less time than the sweet-potato disks. 


Table IV. —{Experiment 2) Showing the hydrogen-ion concentration and dextrose con¬ 
tent of the control and inoculated solutions, the time required by them to macerate sweet- 
potato and carrot disks, and the dry weight of the mycelium produced 


Pnof 

con¬ 

trol. 

PHOf 

mocu- 

lated. 

Dex¬ 
trose in 
control. 

Dex¬ 
trose in 
inocu¬ 
lated. 

Time required to cause 
maceration in control. 

Time required to cause 
maceration in inoculated. 

Dry 
weight 
of my¬ 
celium. 



Per 

Per 






cent. 

cent. 



ki. 


1.63 

15 .9 

15.9 

Complete in 33 hours. 

Complete in aa hours. 


3.67 

3.33 

15.9 

14-9 

Slight maceration in 30 hours. 

Slight maceration in 30 hours. 

0.0340 

>33 

3 . 09 

15.9 

14.0 

A little maceration in 30 hours 

A little maceration in 30 hours. 

.0766 

Am to 

3- x8 

IS* 9 

14- 0 

.do. 

. ...do. 

. o8xa 

4.81 

a. x8 

15.9 

14.0 

.. ..do. 

. .do. 

.08x4 

5.69 

3. 13 

15*9 

13.5 

.. do... 

. .do. 

. X040 

^.46 

3 . x8 

15 .9 

X 3.8 

.do... 

,. .do. 

, X283 

6.78 

3.46 

15.8 

13 . a 

No maceration in 30 hours. 

No maceration in 30 hours. 

. 1539 

6.97 

a. 47 

IS. 4 

XX. 7 

_do. 


•1679 

7. 33 

3 .S 9 

*5.4 

XX. X 



.1718 

7.80 

3.58 

15.4 

9.3 

, .do. 

IHHBHHI 

1734 
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Table V. —{Experiment j) Showing the hydrogen-ion concentration of the control 
solution {sweeUpoiaio decoction) at the beginning and end of the experiment, also of 
the inoculated solution, and the time required by the solution and mycelium to 
macerate sweet-potato disks 


PHOf 
control 
at end of 
experi¬ 
ment 

Ph of in¬ 
oculated 
solution 
at end of 
experi¬ 
ment. 

PhoI 
control 
at begin¬ 
ning of 
experi¬ 
ment. 

In in¬ 
oculated 
un¬ 
steamed 
solution. 

1.27 

1*37 

I. a8 

Hours. 

2 

a. 05 

a. xo 

a. 10 

7-24 

a. 67 

a- 55 

a. 71 

a. as 

3.80 

3- la 

3 -83 

a. 00 

4.66 

3. ao 

4.69 

a. 00 

5.06 

3 * 36 

5- ao 

a. 25 

6 .14 

3-48 

6.17 

a. as 

7.1a 

3 - 57 

7 -19 

a. as 

7 -58 

3.60 

7 - 67 

a. so 

8.a8 

3 -69 

8 .33 

a. 50 


Time required to complete maceration. 


In inoculated steamed 
solution 

In miinoculated solution. 

hyphae 

^ C*n. 

in as cc 
HjO. 

Hours. 

2.2S . 

48 . 

Hours. 

42. 

Hours. 

48. 


24. 

4.5. 

Slight in 48. 

None in 48 . 

5 - 0 . 

4,0 

4.0 

5-0 

5-0 

24.0. 

.d«. 

24. 

.do. 

48. 


None in 48. 

.do. 

.do.1 

i.do.1 



5 * 5 




Table VI. —{Experiment 4) Showing the hydrogen-ion concentration of the uninoculated 
sweet-potato decoction at the beginning and end of the experiment, also of the inoculated 
solution, dry weight of mycelium produced, and time required to macerate sweet-potata 
disks 


Pn of 
control 
at be¬ 
ginning 
of ex¬ 
peri¬ 
ment. 

Pa of 
control 
at end 
of ex¬ 
peri¬ 
ment 

Ph of 
inocu¬ 
lated 
solution 
at end 
of ex¬ 
peri¬ 
ment. 

Dry 
weight 
of my¬ 
celium. 

1.24 

1.34 

1.27 

Gm. 

a. ox 

a. ox 

2. oa 


a. 69 

a. 63 

a -54 

0.0965 

3-63 

3-57 

3 * 17 

• 0115 

4 * 33 

4-31 

3 * 29 

. ia68 

5.13 

5-05 

3 -SI 

. xai4 

6.05 

6.0a 

3 -SI 

. X186 

7-*9 

6.3a 

! 3 -58 

.1388 

7-99 

7-53 

3 - 7a 

. ia8o 

8.30 

8. ax 

3-86 

. 1297 

9. xa 

8.86 

8. X 4 

.0693 


Time required to complete maceration. 


In inoculated un¬ 
steamed solution 

In inoculated 
steamed solution 

In uninoculated 
solution. 

By 

hyphae 
H gm. 
in as cc. 
HxO. 

Hours. 

3.00. 

Hours 

6. 

Hours. 

x8 . 

Hours. 

34.00... 

24... 

x8. 


2. 25 .. . 

48. 

None in 48. 

.do. 

4 - 75 
3 -SO 

3 - 75 
4.00 

4 - SO 
4 -SO 
4 - 75 
4-75 
5*50 

3 * 50.. 

24.... 

3.00. 

24___ 

.... do. 

3.00.. 

24___ 

... .do. .... 

3,00.. 

24. 

.do. 

3.25. 

48. 

... .do. 

3.25... 

None in 48. 

,. . do. 

1., . .do. 

3.50-.. 

.... do. 

None in 48. 

_do. 

.do. 





In experiment 4, the fungus felts from five fiasks were collected and 
the dry weight determined. The average weight is given in Table VL 
The mycelium from the other flasks was used in determining the rate 
of maceration. 

An examination of Tables III to VI shows some interesting facts with 
respect, first, to the changes in hydrogen-ion concentration of the solution 
produced by the fungus; second, to the influence these changes have on 
the production of pectinase; third, to the consumption of sugar (in 
Czapek’s solution); and fouth, to the amount of tQycelium produced. 
It will be seen that growth was entirely inhibited at a Ph of 1.7. The 
maximum limit of alkalinity for growth was not obtained, since the 
alkali in the solutions prepared to'be about Ph ii.o appeared to react 
with the sugars, thereby reducing the alkalinity. It was found in general, 
however, that the growth was l«st in the most alkaline solutions so long 
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as it was not alkaline enough to inhibit growth. Growth was bettw 
in sweet-potato decoction than in Czapek’s nutrient solution at approxi¬ 
mately the same hydrogen-ion concentration. 

The fungus tends in all cases to make the solution more add. The 
degree of acidity reached was greater in Czapek’s solution than in sweet- 
potato decoction. In experiment i (Table III) no growth took place 
at a Ph of 1.04 and 1.71 and the hydrogen-ion concentration was there¬ 
fore not much changed. As the hydrogen-ion concentrations of the 
control solutions decrease, however, the change in the Ph value of the 
inoculated solutions becomes greater, as, for example, Ph 8.53 (Table III) 
was changed to 2.66. It will be seen from Table III and the other 
tables also that the Ph of the inoculated solutions^ gradually increase 
with the decrease in the hydrogen-ion concentration of the control 
solutions. 

That many fungi and bacteria make the substrate add or alkaline 
is well known. Currie (4) showed that dtric acid was produced by 
Aspergillus niger in a nutrient solution and Wehmer (ao) gave the 
generic name Citromyces to a group of fungi which he bdieved was 
characterized by its ability to produce the same add. Lafar (17)1 
Lind (18) found that oxalic acid was produced by certain species of 
Penicillium, Botrytis, and Citromyces. Wdmer and Harter (ai) showed 
that Rhizopus tritici, Diplodia tubericola, Mucorracemosus, Penicillium sp. 
and Botrytis cinerea increased the acidity of Czap>ek’s nutrient solution 
when glucose was used as the source of carbon. Young and Bennett 
(ay) found that Fusarium oxysporum when grown on Richard’s solution 
with a Ph 5 first made the solution acid and then alkaline so that^ in 40 
days a Ph of 7.4 was reached. Bacteria appear to produce acid in the 
solution, though not to so marked a degree. For example, Jones (rx) 
found that a strain of Pneumococcus when inoculated into a medium 
with an initial reaction of Ph 7.0 ^ew poorly and developed a Ph of 
6.2. If, on the other hand, the initial reaction was 7.6 a good growth 
and a final Ph of 5.4 resulted. Streptococcus viridans vras found by 
Grace and Highberger (7) to change a broth with an initial hydrogM-jon 
concentration of-between Ph 7.1 and 7.3 to a Ph 6.6 in 6 days. Similar 
changes in the hydrogen-ion concentrations were noted by Wolf and 
Harris (ej) and by Karrer (xa) with certain bacteria and fun^, respec¬ 
tively. A comparison of the results of other investigators with those 
obtained by the authors seems to indicate that Rhizopus tritici renders 
the substrate more acid than most fungi or bacteria. As a matter of 
fact, it will be seen that the degree of acidity produced (Ph 2.f)9, Table IV) 
while not prohibitive of growtii, which is practically stopped in a Ph i- 7 > 
closely approximates it. 

From Tables III and IV it is seen that pectinase is not produced m 
Czapek’s nutrient solution when adjusted to any of the hydrogen-ion 
concentrations tested. This conclusion is drawn from the fact that, al¬ 
though a certain amount of maceration took place in certain solutions, 
especially'in those with the highest hydrogen-ion concentrations, there 
was just as much in the steamed as in the unsteamed solutions. In the 
solution with an initial Ph of i.oi (Table III) no growth of the fungous 
took place and yet maceration was complete in 5 hours. When the 
initial Ph was 1.76, 24 hours were required to complete maceration. At 
this concentration no growth occurred. At all other,concentrations thwe 
was a nonlial amount of mycelium produced and the final hydrogen-ion 
concentration of the inoculated solutions varied from Ph 2.15 to 2.66 
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(Table III). At a concentration of Pa 2.66 no maceration occurred. At 
the other concentrations about 48 hours Tvere required for the cells to 
completely lose their coherence. There is therefore a degree of addity 
such that the acid has no action on the middle lamellae in 48 hours 
(Pb 2.66, Table III). At a Pa of 2.59 little maceration took place in 48 
hours. In the remaining solutions (Table III) the acidity is about suffi¬ 
cient to dissolve the middle lamellae in 48 hours. At Pa 1.76 maceration 
is complete in 24 hours and at i.01 in 5 hours. Similar data are shown 
in Table IV. 

The data presented in Tables V and VI were obtained by growing R. 
tritici on sweet-potato decoction adjusted to the different Pa values. 
These show that the decoction does not become as acid as Czapek’s solu¬ 
tion. No growth occurred in Pa 1.27 and 2.03 (Table VI), but at all other 
concentrations about the same amount of mycelium was produced. The 
hydrogen-ion concentration of the solutions when there was growth was 
considerably increased; however, in no case was the increase as great as that 
found in Czapek’s solution. At the two higher concentrations the macer¬ 
ation produced was doubtless due to the action of the acid, since in one 
case (Pa 1.27, Table V), although there was no mycelium produced, co¬ 
herence of the cells was lost in 2 hours, and in another case (Pa 2.10, 
Table V) in 7 to 24 hours. In all the other concentrations the middle 
lamellae were completely destroyed in from 2 to 2% hours in the unsteamed 
solutions. In the steamed solution there was practically no maceration 
in 48 hours. 

The conclusions to be drawn from these data are, first, that pectinase 
is not produced in Czapek’s nutrient solution at any hydrogen-ion concen¬ 
tration tried and, second, that its production in sweet-potato decoction 
is not interfered with when the hydrogen-ion concentration is not so high 
as to prevent growth. In other words, pectinase is produced by R. 
tritici when growing in sweet-potato decoction at any hydrogen-ion con¬ 
centration that will permit its growth. Pectinase was also present in the 
mycelium. 

The amount of sugar present in the control (not inoculated) and the 
inoculated solutions was determined for Czapek’s solution only. At the 
higher hydrogen-ion concentrations no fungous growth took place and 
no sugar was used. As a matter of fact, there appears to be a slight 
increase in the amount of sugar present in the controls over that in the 
inoculated solutions, probably due to some concentration of the sugars 
as a result of evaporation. A measurable amount of sugar was con¬ 
sumed by the fungus at all other hydrogen-ion concentrations, the 
larger amount being at the higher Pb values. It will be noted that 
the amounts of sugar consumed at the lower hydrogen-ion concentrations 
are proportionately greater than in the less alkaline solutions. This is 
also true in the controls. No doubt this variation may be accounted for, 
at least in part, by the reaction between the sugar and alkali. The 
largest amount of mycelium was produced at the lower hydrogen-ion 
concentrations. 

An examination of Tables III and IV shows that in Czapek’s nutrient 
solution the amount of mycelium produced increases with the decrease 
in hydrogen-ion concentration, varying from 0.0283 gm. to 0.1780 gm. 
(Table III) and from 0.0340 to 0.1734 gm. (Table IV). No mycdium 
was produced at the highest hydrogen-ion concentration. In experi¬ 
ment 3, the d^ we^ht of the mycelium was not determined, but in 
experiment 4 (Table VI) there was a more or less gradual increase in dry 
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material as the hydrogen-ion concentration decreased, with one excep¬ 
tion. In the solution with an original Ph of 8.86, wldch is apparently 
too alkaline for normal growth, the dry weight was somewhat less than 
it was in the solution with a Ph of 8.21 (Table VI). 

It has been intimated that the maceration which takes place in solu¬ 
tions after they have been steamed is due to the action of some one or 
more acids produced in the solution by the fungus. A number of acids 
have been shown by different investigators to be formed by fungi in 
nutrient solutions, among them being oxalic, acetic, and formic, fiiese 
three organic acids,together with hydrochloric acid and sodium hydroxid, 
were made up to different hydrogen-ion concentrations and their ability 
to dissolve the middle lamellae determined. The results showed that 
maceration could be brought about by the acids in high hydrogen-ion 
concentrations and by the alkali at a Ph of about 12 or above. Oxalic 
acid at a Ph of 2.13 macerated raw sweet-potato disks in from 24 to 48 
hours at a Ph of 2.44 in 72 hours. No maceration occurred in 72 hours 
by this acid at a Ph of 2.76. Acetic acid appeared to require more time 
to complete maceration than oxalic acid at the same concentration. 
Acetic acid of Ph 2.13 macerated the disks in 72 hours, while at Ph 2.40 
the amount of maceration was very slight in that length of time and was 
entirely absent at a Ph of 2.44. In a Ph 1.99 of formic acid maceration 
was nearly complete in 6 hours, at Ph 2.16 in 24 hours, and at Ph 2.23 
in 54 hours. At hydrogen-ion concentrations of Ph 2.40 and 2.57, there 
was slight and no maceration, respectively, in 54 hours by this acid. In 
full strength formic acid maceration was complete in 3 hours. Hydro¬ 
chloric acid of a Ph 2 will induce slow maceration. A comparison of 
these results with those obtained when Czapek’s solution was used shows 
that the loss of coherence of the cells of sweet potato disks occurs in pure 
solutions of these acids at about the same hydrogen-ion concentration 
as in Czapek’s solution and in about the same length of time. Oxalic 
acid macerates a little more rapidly than acetic acid at the same con¬ 
centration, and formic acid a little more rapidly than either oxalic or 
acetic. 

The results of these investigations seem to indicate that no pectinase 
is produced in Czapek’s nutrient solution when glucose is used as a 
source of carbon. However, an acid is produced in sufficient hydrogen- 
ion concentration to cause a dissolution of the middle lamellae identical 
with that caused by pectinase. It was found also that the original Ph 
value of the solution had no influence on the secretion of pectinase. 
In all concentrations of Czapek’s solution in which the fungus grew the 
hydrogen-ion concentration was increased, the greatest increase being 
in the solutions with the highest Ph values. 

A middle lamellae splitting enz}rm was produced when pectin alone 
was used as a source of carbon in Czapek’s nutrient solution and td a 
less extent when combined with glucose. It had been suspected that 
the failure to obtain maceration in Czapek’s solution was not due to the 
absence of the enzym, but to its inactivation by the acid formed. 
Brown (2) showed that the addition of some of the organic and mineral 
adds to extracts of Botiytis mycdium retarded the action of the enzym, 
tiie time required to macerate potato disks bdng increased with the 
increase in ^ concentration of tlm add. A point was finally readied 
Mdien inactivation was complete. The retarding action of all the adds, 
was found to be about the same up to a certain concentration beyond 
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which the retu’ding action of the mineral acids increased much more 
rapidly. A concentration was finally reached where maceration was 
caused by the acid. Brown in his studies used dilutions of normal acids, 
so his results can not be compared directly with those of the writers, 
who studied the action of the adds in terms of hydrogen-ion concentra¬ 
tions. That the add formed in Czapek’s solution did not inactivate 
the enzym may be inferred from the following facts. When Czapek’s 
solution, which was made add (Ph i.8) by tte ^owth of the fungus, 
was changed to a Ph of 7.8 and raw sweet-potato disks added no macera¬ 
tion took place. It had been previously shown that the enzym was 
not inactivated at Ph of 10. The solution was not alkaline enough to 
inactivate the enzym. Some of the data obtained with sweet-potato 
decoction may be dted as further evidence. It has been shown (Table 
V) that maceration in sweet-potato decoction is complete in 2^ hours at 
a Ph of 2.55. On the other hand, in Czapek’s solution with a Ph of 2.66 
(Table III) which is even less add no maceration occurred in 48 hours. 
Although there is a difference in the composition of these two media, it 
is reasonable to assume that since the add was not sufiidently strong in 
the sweet-potato decoction (Ph 2.55) to inhibit the action of the enzym 
it would not be able to do so in the less add Czapek’s solution (Ph 2.66). 

The investigations of the authors showed that ^e presence of pectinase 
in the mycelium grown on Czapek’s nutrient solution could not be dem¬ 
onstrated, while it occurred regularly in the h3rphae produced on sweet- 
potato decoction. If the enzym was produced, its occurrence in the 
hyphae on Czapek’s solution as well as on sweet-potato decoction would 
be expected. Furthermore, the enzym in the mycelium, if it occurred 
there, would not be inactivated by the add in the substrate, since the 
mycelium is always suspended in distilled water, which is practically 
neutral. 

SUMMARY 

(1) Rhizopus tritid, a fungus capable of causing the softrot of sweet 
potatoes was used in all these experiments. On suitable media it pro¬ 
duces a powerful enzym, called pectinase, which dissolved the middle 
lamdlae of raw sweet-potato and carrot disks. 

(2) A comparison of the production of the ttszym was made on the 
following media: String bean, prune, Irish potato, carrot, tiuiiip, and 
sweet-potato decoction, and on Czapek’s, Peffer’s, and ]Richard’s syn¬ 
thetic media and on beef bouillon. 

(3) It was found that the cell wall dissolving enzym was produced 
on all the vegetable media except prune decoction, but not on the syn¬ 
thetic media with glucose as a source of carbon or on beef bouillon. 

(4) If pectin was used alone as a source of carbon in Czapek’s nutrient 
solbtion, an active cazym was produced. When pectin was combined 
with glucose the action on raw sweet-potato disks was feeble. 

(5) When Rhizopus iriiici was grown in Czapek’s nutrient solution 
with glucose as a source of carbon the substrate became sufficiently acid 
to cause dissolution of the middle lameUae so that coherence of the cells 
was completely lost in from 6 to 24 hours. 

(6) The pr(Muction of the macerating principle by the fungus when 
growing on Czapek’s nutrient solution and sweet-potato decoction was 
not influenced by adjusting these solutions to different Ph values. The 
enzym was not produced in Czapek’s solution at any hydrogen-ion 
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concentration tested. On the other hand, it was secreted in sweet- 
potato decoction at all concentrations tried. 

(7) The best growth as measured by the dry weight of the mycelium 
took place at the lowest hydrogen-ion concentration. 

(8) The amount of glucose consumed in Czapek’s solution is correlated 
with the amount of mycelium produced. 

(9) Th e substr a te influ ences the production of pectinase; the hydrogen- 
ion concerifratlon does^ot. The results indicate a well-marked qualita¬ 
tive action of the substrate on the production of the macerating enzym, 
in that when vegetable decoctions which probably contain pectin are 
used and when nutrient solutions to which pectin is supplied as a source 
of carbon is employed pectinase is produced. 
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THE MICROSCOPIC ESTIMATION OF COLLOIDS IN 
SOIL SEPARATES* 

By William H. Fry 

Scientist in Soil Laboratory Investigations, Bureau of Soils, U S. Department of 

Agriculture 

In a recent work upon soil colloids,* in which a description of the soil 
materials classified as ccdloids was given, it became desirable to compare 
the values obtained by an adsorption method for determining the col¬ 
loidal content of soils with values obtained by some method independent 
of adsorption phenomena. The most satisfactory method for this pur¬ 
pose would be a mechanical separation of colloidal from noncolloidal 
soil materials. But it has been shown in previous publications *>• that 
a mechanical anal3rsis probably does not effect a complete separation* 
However, it seemed possible that colloidal matter not separated from the 
soil by mechanical analysis might be estimated by microscopical means- 
Then the sum of the colloid extracted and that estimated microscopi¬ 
cally would give a value for the total colloid in the soil by methods quite 
independent of adsorption. 

For the purpose of separating the colloids from the coarser particles 
of the soils the samples were repeatedly treated by agitation with dis¬ 
tilled water containing a trace of ammonia, rubbed with a rubber pestle, 
and the supernatant liquid decanted and centrifuged. Prom 40 to 60 
such treatments yielded practically all of the colloid extractable by this 
method. For convenience of manipulation the soils were divided, dtuing 
the washing and rubbing process, into the colloidal fraction made up of 
particles less than o.oot mm. in diameter, a fine fraction made up of 
particles ranging approximately from 0.001 to 0.050 mm. in diameter, 
and a coarse fraction consisting of particles larger than about 0.050 mm.* 

The adsorptive capacities of these fine and coarse residues indicated 
that they contained colloidal material.* Observations of the residues 
with the ultramicroscope showed that the mineral particles had been 
fairly well cleaned of adhering colloidal matter by the washing and 
rubbing, and that the colloidal material remaining in these fractions 
was in the form of lumps or aggregates made up, at least superficially, 
of very large numbers of particles less than 0.001 mm. diameter. But 
since the lig^t coming to the eye from the ultramicroscope is reflected 
from the stmaces of the particles under examination it was possible that 
the colloidal aggregates thus observed were simply mineral grains com¬ 
pletely coated witt colloids or that, at least, the colloidal aggregates 
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inclosed minute mineral particles. The clean appearance of the obviously 
mineral particles was, of course, a strong indication that such was not 
the case, but the element of doubt remained nevertheless. 

Under the petrographic microscope in transmitted light these colloidal 
aggregates were found to be almost universally transparent and, in the 
rare cases where this was not so, to be highly translucent. Therefore 
any mineral grab included within the colloidal aggregate would be 
reiiily visible provided that either its color or index of refraction was 
different from the color or index of the colloid. Observation of bire¬ 
fringence between crossed nicol prisms would, of course, readily differ¬ 
entiate between minerals and colloids regardless of similarity of color or 
refractive index. Such observation, however, showed that practically all 
of the colloidal aggregates were free from mineral inclusions. Presumably, 
aggregates containing such had been broken up by the repeated rubbing 
and washing process. 

Therefore, since the residues consist of easily determinable minerals 
and colloidal aggregates, one readily distinguishable from the other, a 
microscopic estimation of the relative quantity of each in a given sample 
was easily obtainable. Owing to the extreme variation of size of parti¬ 
cles a straight count would have been subject to large errors. Therefore, 
the estimation was made by means of a checker-work eyepiece micrometer, 
relative space occupied by the minerals and colloids being the basis of 
the calculation. It is believed, on the basis of results obtained with 
S5mthetic samples, that errors due to the varying thickness of the parti¬ 
cles, both minerals and aggregated colloids, are fairly well balanced and 
do not appreciably affect the results. Quartz is the predominant mineral 
in the fractions, and since the specific gravity of this mineral (2.66) and 
that of the colloids (2.53-2.68) extracted from the soils are very near 
together, it was believed that differences in specific gravity would not 
give rise to any serious error. 

.In order to test this method of microscopic estimation, four synthetic 
samples were made up, each containing a known amount of colloidal 
material. Air dried Marshall soil colloid, which had been extracted 
mechanically and graded by means of the supercentrifuge, was mixed 
with quartz in the proportion of i .2 gm. colloid to 0.8 gm. quartz and 0.8 
gm. colloid to 1.2 gm. quartz. The first of these mixtures was ground 
dry to pass a 200-mesh sieve. In order to facilitate any tendency of 
the colloid to form coatings on the mineral particles, the second sample 
was ground wet, dried and subsequently rubbed lightly with a pestle to 
pass a 200-mesh sieve. 

Since quartz is practically without cleavage, the-particles formed by 
grinding have a tendency to assume shapes in which the dimensions vary 
little in different directions within the same particle, although the dimen¬ 
sions of different particles may vary widely. This statement also holds 
good for the colloidal aggregates. Such a similarity of fracture facilitates 
a microscopic estimation of the relative quantities of the different con¬ 
stituents present, and therefore does not afford a very difficult test of the 
method. But, since quartz is the predominant mineral constituent of 
soils, the results obtained with quartz are probably very near those 
obtained on the soil separates themselves. 

For the purpose of testing the method imder more unfavorable condi¬ 
tions, Orangeburg subsoil colloid, extracted mechanically and graded 
by the supercentrifuge, was mixed with hornblende which has a tendency 
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to cleave into oblong particles with the greater dimensions several times 
the magnitude of the smaller, thus presenting a widely different shape 
from the colloidal aggregates with which it was to be compared. Two 
samples were prepared consisting of 0.3 gm. colloid to 1.7 gm. hornblende 
and 0.4 gm. colloid to 1.6 gm. hornblende. The first of these was mixed 
dry and the second wet, as with the Marshall colloid-quartz samples. 

The results of the microscopic examination of these samples are given 
in Table I. 

Taels I .—Microscoptc estimation of colloids in synthetic samples 


Sample. 

Colloid 

present. 

Colloid 

observed. 

Marshall colloid and quartz, mixed dry . . . . 

Per cent. 

60 

40 

15 

20 

Per cent. 

57 

45 

12 

23 

Marshall colloid and quartz, mixed wet. 

Orangeburg colloid and hornblende, mixed dry. 

Orangeburg colloid and hornblende, mixed wet. 



These results showed that the colloid in the fine and coarse residues of 
the soils could be estimated with fair accuracy by this microscopic method. 

Microscopic examinations were therefore made of the fine and coarse 
residues of eight soils which had been subjected to the repeated washing 
and rubbing process. The results are given in Table II. The quantity 
of the unextracted colloid in the fine and coarse residues, as determined 
by this microscopic method, are given in column 3. The additional 
data in Table II are given for the purpose of showing the relative amounts 
of “extractable” and “unextractable” colloids in the soils. 

From Tabic 11 it will be seen that from 9.4 to 42.4 per cent of the soil 
was made up of colloids extractable by the methods employed. The 
microscopic examination of the residues .shows that from 25 to 97 per 
cent of the fine residues and 2 to 25 per cent of the coarse residues 
were colloidal aggregates not extractable by the methods employed. 

These results throw considerable doubt upon the results of several 
investigators who have determined the colloidal contents of soils and 
clays % purely mechanical methods. Hissink^ and Sven Od^,® for 
example, have dispersed colloids in soils by very elaborate washing 
and rubbing processes. It is of course possible that they may have 
effected complete disperaon by their methods, but apparently no inves¬ 
tigations were undertaken to ascertain whether, or to what extent, 
aggregates of undispersed colloids remained in their soil suspensions. 
Williams,* in the course of a very elaborate and painstaking separation 
of colloids from soils by washing, rubbing and boiling, did examine his 
residues microscopically. Details of his microscopic method are not 
given, but it is apparent that he used an ordinary chemical microscope 
and mounted his residues either in air or water. Owing to the wide 
differences in refractive indices between these mounting media and the 
ordinary soil minerals, scarcely more than surface phenomena could be 


* Hissinx, D. J. dia MBIHODS DBR MBCHANISCHBN BODBNANAi,YSS. In Intcmat. Mitt. Bodenkunde, 
Bd XX, p. x-xx. xgax. 

* Od&N, Sven. flBBR dib vorbbhandlukg dbr bodbnprobbn zur mbcuanischbn analyse In Bui. 

Ceological Inst., Univ. Upsala. v. x6, p. 10x8-19. Bibliojp'aphical footnotes 

^WXLUAMS, W. R. UNTBRSUCHUNO CbBR DIB MBCHANISCHB BODENANALYSB. In PoTSch Oeb AgT ^ 
Phys. (WoUny), Bd. 18, p. aas-350. 1895. Bibliographical footnotes 
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observed under these conditions; and consequently the distinction 
between lumps of aggregated colloids and soil minerals would reduce 
itself purely to a question of personal judgment based on appearance. 
Colloidal aggregates might bear very close resemblances to corroded 
mineral particles and ferruginous or rutilated quartz, for example. 
Even with a completely equipped petrographic microscope careful 
cognizance must .be taken of the pseudo-similarities of the optics as 
well as the resemblances of some crystalline and amorphous materials, 
such as the similarity between colloids subjected to strain and the 
matted structure of such minerals as chlorite. 


TablS II.— Microscopic estimation of unextracted colloids in fine and coarse residues of 

soils 


Sample. 


Cecil clay loam, soil: 

Colloid extracted. 

Residue finer particles. 

Residue coarser particles. 

Cecil clay loam, soil: 

Colloid extracted . 

Residue finer particles. 

Residue coarse particles. 

Huntington loam, soil: 

Colloid extracted. 

Residue finer particles. 

Residue coarse particles. 

Huntington loam, subsoil: 

Colloid extracted. 

Residue finer particles. 

Residue coarse particles. 

Sassafras silt loam, subsoil: 

Colloid extracted. 

Residue finer particles. 

Residue coarse particles. 

Sharkev clay, soil: 

Colloid extracted . 

Residue fine and coarse particles com¬ 
bined . 

Sharkey clay, soil: 

Colloid extracted. 

Residue finer particles. 

Residue coarse particles. 

Vega Baja clay loam, soil: 

Colloid extracted. 

Residue fine particles. 

Residue coarse particles. 


Quantity 
of fractions 
separated 
mechani¬ 
cally, as 
part of 
whole soil. 


Per cent, 

9 4 
7.6 

83.8 

9.4 
10. 4 

78.3 

10. 3 
21. 9 
64. o 

13-3 

19.4 
63-3 

14.4 
20. 6 
61. 9 

42.4 
53 - I 

31-5 

38.9 
31-8 

30.5 

38.6 
31.8 


Quantity 
of imex- 
tractedcolr 
loid in resi¬ 
dues deter¬ 
mined mi¬ 
croscopi¬ 
cally, as 
part of 
residue. 

Unex¬ 
tracted 
colloid in 
combined 
fine and 
coarse resi¬ 
dues, as 
part of 
whole soil. 

Uncx- 
tracted 
colloid, as 
part of 
total CO- 
loidal ma¬ 
terial in 
soil. 

Per cent. 

Per cent. 

Per cent. 

74 

4 



9.0 

48.9 

55 

4 



8.9 

48.6 

48 

8 



15.6 

60. 2 

25 

10 

11. 2 

45 * 7 ' 

38 

2 



9, I 

38-7 

42 

22. 3 

34 -S 

52 

25 



28. 2 

47-2 

97 

14 



41.9 

57*9 


The calculations given in coltnnn 4 of Table II show that from 8.9 
to 41.9 per cent of the whole soil was composed of col.oidal aggregates 
not extractable by the methods used. It should be mentioned, however, 
that the Vega Baja soil which showed a total colloidal content of 72.4. 
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per cent is an exceptional soil. Usually the quantity of colloid present 
is much lower. Basing the calculations on the colloidal matter alone, it 
is seen from the table that 34.5 to 60.2 per cent of the total colloids in 
the soils were not extracted by the methods used. Although this method 
of repeated rubbing and washing for the extraction of colloids from soils 
was carried out as carefully and thoroughly as ppssible, and although 
we are confident that no more than traces of colloidal material could 
have been extracted by further washing and rubbing, it by no means 
follows that other more efficient methods might not be devised. 

As practiced in this bmeau, microscopic estimation of the amount of 
colloidal aggregates in the fine and coarse residue is, at best, a long and 
tedious process. In order to insure fair sampling of the sample under 
study several mounts must be examined, and several areal counts should 
be made on each mount. Experience showed that a total of 10 to 12 
counts on about four slides gave averages very comparable with those 
obtained by triple that number of counts on as many more mounts. 
Nevertheless when only 12 counts are made, the method is too long for 
routine application. 

Unfortunately, the preliminary washing and rubbing are essential in 
order fo remove coatings of the adhering extractable colloid. These 
coatings are rarely thick enough to interfere with the detemunation of 
the mineral; but the microscopic estimation of the quantity of colloid 
in the coatings would be extremely difficult and inexact. This necessity 
for washing the soils adds tremendously to the time consumed. Never- 
thelessj the method is of value in special studies. 

SUMMARY 

(1) A microscopic method for estimating the quantity of colloidal 
soil aggregates in soil separates is given. 

(2) Ttiis method was applied to the residues left after extracting, by 
repeated rubbing and washing, all colloid possible from eight samples 
of soil. The results showed that from 34.5 to 60.2 per cent of the total 
colloidal material in the soil was in the form of colloidal aggregates not 
extractable by washing and rubbing. 
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MORPHOLOGY AND HOST RELATIONS OF 
PUCCINIASTRUM AMERICANUM ^ 

By B. O. Dodgs 

Pathologist, Fruit-Disease Investigations, Bureau of Plant Industry, United States 

Department of Agriculture 

The orange rusts have always been considered as practically the only 
rusts of economic importance on species of Rubus in America. Kuehneoki 
uredinis, it is true, is known to cause considerable damage to fruiting 
canes of certain cultivated varieties of blackberries. Pucciniastrum 
americanutn (Farl.) Arth. is not rare on wild raspberries but its effects on 
the host have been found heretofore to be altogether negligible. Brief 
notes dealing mostly with its relationships to the European form P. arc- 
Ucum have appeared from time to time but no reference has been made 
to damage to cultivated raspberries. An outbreak of this rust, therefore, 
of such severity as to cause defoliation and spotting of canes of certain 
varieties, becomes a subject of interest. 

One of the native hosts of this rust is the wild Rubus strigosus, and like 
the orange-rusts and the stemrust, Kuehneola, the Pucciniastrum will 
no doubt be found wherever the natural hosts may grow. The rust has 
been reported rarely on R. occidentalis, but “R. neglectus,” a hybrid 
between the red and the black raspberries, seems to be rather susceptible 
according to Farlow (9, p. 13)} At Bell, Md., where an outbreak 
occurred in 1922, Mr. G. M. Darrow has gathered together from all parts 
of the world a number of species and horticultural varieties of Rubus 
and has originated many new forms in connection with his breeding 
work. During July it was found that the leaves of several different 
hybrids were dropping off prematurely, leaving the canes entirely bare 
below. The lower surface of the leaves was evenly covered with uredo- 
spores, giving them nearly the same appearance as blackberry leaves 
heavily infected with the Kuehneola. The leaves at the growing tips 
were sometimes only slightly affected and the attacks seemed to increase 
in severity from the tips downward, showing that the rust had been 
present for some time. 

Conical peridia (PI. 1, C), each surmounted by a corona, were easily 
found on leaves just being attacked, and as the spores were identical with 
those found on the fallen leaves there can be no question that this defolia¬ 
tion was being caused by what has heretofore been considered a harmless 
rust. From July 28 to August 4 a survey was made to ascertain which 
species, varieties, and hybrids were being attacked. Mr. Darrow .coop¬ 
erated with the author in going over these records. 

* Accepted for publication Jan. 23, 1933. 

* Reference if made by number (italic; to “ Literature cited,” pp. 893-894 
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Certain varieties were represented by as many as 75 plants, others by 
only 1 or 2, and conditions for infection were perhaps more favorable on 
one side of the field than on the other, so that a full report on these ob¬ 
servations would not fully represent the actual degrees of susceptibility. 
Among others, the following seedlings were found to be quite badly 
infected: Ranere X Cuthbert,* Cuthbert X R. lasiostylus, La France X 
Ranere, Van Fleet X Ranere, Laxtonberry X Ranere, Cutlibert, Gregg X 
Cuthbert, Brighton X La France, Brighton X R. lasiostylus, R. coreanus 
X Brighton, Shaffer seedlings, Shiebley X King, R. leucodermis X King, 
Newman 23 X R. coreanus, seedlings of Hailsham open pollinated, Syra¬ 
cuse open pollinated, Brighton selfed. The Ranere (St. Regis) was 
infected, but not as heavily as were the Cuthberts. 

Certain hybrid seedlings were so severely infected as to result in almost 
complete defoliation, petioles and canes also being attacked. These very 
susceptible kinds include such hybrids as June X Cuthbert, Latham X 
Brighton, Latham x Ranere, Erskine X Ranere, R. coreanus X Brigh¬ 
ton, etc. 

A number of varieties in this plot were only slightly infected, but, as 
previously noted, the number of plants in many cases was too small to 
prove that they were resistant. About 50 plants each of the following 
forms were carefully examined at this time, but no rust was found: 
Rubus Idaeus, open pollinated seedlings of the Mahdi (which is a cross 
between R. I^eus and a European blackberry), R. innominatus X Ant¬ 
werp, R. innominatus X King, R. innominatus (open pollinated seedlings). 
A few self-pollinated Cuthbert seedlings in this field showed no rust, but 
many plants of this variety in a garden near by were heavily infected. 

Separated from these plots by about 40 rods was a third plot, in which 
several plants of wild Rubus occidentalis, R. strigosus, R. leucodermis. 
King, Cuthbert, Ranere, etc., were growing. A few pustules were found 
on one unnamed variety. A month later the rust was very abundant on 
the King, June, Newman 23, Cuthbert, and some was found on R. 
strigosus, but R. occidentalis, R. Idaeus (Hailsham variety), and 5 Asiatic 
raspberries were not affected. 

Mention has been made of finding the rust on leaf stalks and canes. 
The cankers on the latter are sometimes 2 or 3 inches long. A species 
of Gloeosporium (not anthracnose) was also common in large cankers on 
the varieties whose canes were most heavily attacked by the rust. It is 
possible that this fungus became established in the lesions first formed 
by the rust; at any rate the combined effect of the two fungi will be to 
kill the canes. The calyx and carpels of late-fruiting or everbearing 
varieties were sometimes badly rusted. It is certdnly curious to see 
the golden-yellow pustules deeply embedded in the juicy red carpels. 
There was more rust on the fruit of a late-flowering form of R. strigosus 
than on the leaves. 

A press of work prevented a satisfactory examination of species of 
wild and cultivated raspberries in other localities to learn how common 
the rust was in the vicinity. It is clear, however, that the rust had 
found in these hybrids very susceptible hosts. 


« The Black Pearl, Kansas, Cumberland, Gregg, and Plum Farmer, are American horticultural varieties 
of black raspberry which were originated as seedlings or by selection from Rubus occidentalis, of which 
/?. leucodermis h a western variety; the Shaffer, CoUunbian, and Royal Purple are of American origin, 
probably derived from the form Rubus neglecius, which is a hybrid between R, strigosus and R, occidentalis; 
the Cuthbert, King, Victor, Erskine, June, I^tham, Ranere, and Brighton, are American horticultural 
varieties of red raspberries, and related to K. strigosus; R. Idaeus, the Antwerp, France, l,axton^rry, 
and the Hailsham, are European red raspberries; R, coreanus and R, innomiatus are native of China. 
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An inspection of the berries grown at the Government farm at Arling¬ 
ton, Va., was not made until the latter part of September. From 6 to 
50 hills each of Cuthbert, King, Ranere, Antwerp, wild Rubus occidentalis, 
Kansas, Black Pearl, Cumberland, Plum Farmer, Shaffer, Columbian, 
and Royal Purple are grown. The Cuthbert red raspberry was the most 
severely attacked; much defoliation had resulted, and the remaining 
lower leaves were well covered with uredinia. Considerable rust was 
found on the Columbian, Royal Purple, and the Victor. The Ranere 
(St. Regis) and King varieties bore some rust, but not enough to cause 
any damage. No rust was found on any of the black raspberries grown 
here, and as R. occidentalis (at Bell, Md.) showed no rust it may be as¬ 
sumed that our black raspberries are very resistant. It is not strange to 
find that crosses between the black and the red varieties in many cases 
prove to be very susceptible. Whether the strain of the rust which 
made its appearance in the vicinity of Washington, D. C., is more viru¬ 
lent than that heretofore found on Rubus “ne^ectus” and R. strigosus is 
not known, but it is evident that many of the hybrids at Bell are more 
susceptible than either of the parents. 

The ‘host is occasionally erroneously identified by collectors, especially 
in the case of the red raspberry, which is often confused with the black 
raspberry. For example, in the Path. Coll., B. P. I., is found No. 2280, 
N. A. Uredinales, one gathering at Madison, Wis., October 6, 1906, and 
another at Mackinac, Mich., September 6, 1894, in which the host is 
given as R. occidentalis when it is a red raspberry. Arthur (2, p. ipo) 
states that R. occidentalis was erroneously given as a host for Puccini¬ 
astrum americanum in Bull. Torrey Club (r, p. 4.68). In the same article 
a specimen from Algoma, Wis., was referred to P. arcticum, and the host 
is given as R. occidentalis. The rust is clearly of the P. americanum 
type, and the host is R. strigosus. Davis (6) has shown that R. occidentalis 
can be infected by P. americanum from R. strigosus. We have not found 
pustules of this rust on the wild black raspberry in the vicinity of Wash¬ 
ington, D. C., but more careful search would very likely result success¬ 
fully. The rust is undoubtedly more widely distributed than is com¬ 
monly supposed. Specimens on cultivated raspberries have been referred 
to o^er species by mistake. In the Path. Coll., B. P. I., we find one 
packet of the rust on a red raspberry originally labeled Lecythea Ruborum 
Lev.; No. 32, Economic Fungi, Se)nnour and Earle, Phragmidium 
Rubi-Idaei (P) Wint. is Pucciniastrum americanum. One gathering of 
Pucciniastrum on R. strigosus was sent to the author as orange-rust 
in response to a request for red raspberry plants infected with the 
G3minoconia. 

THE MORPHOLOGY OF THE UREDINIUM 

Farlow (9) recognized that the rust which he had found on a hybrid 
raspberry differed somewhat with respect to the shape of the peridium 
from Pucciniastrum arcticum of Europe. The peridium was more sharply 
conical than that of P. arcticum, which is said to be low and broad. He 
called attention to a good illustration of the peridium of the American form 
by Dietel in Hedwigia (7, p. 331) under the name Phragtnidium gracile. 
Farlow proposed the variety name americanum, which Arthur (r, p. 468) 
later raised to specific rank. Davis (5) has shown that Pucciniastrum 
arcticum is very common in Wisconsin on Rubus trifiorus and questioned 
at that time whether the differences in the morphology noted by Farlow 
may not after all be due to host differences. He is now convinced (6 ), 
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however, that the two forms are distinct and reports the work of one of 
his studoits who failed to infect R.- sirigosus with uredospores from 
R. irifiorus, whereas R. sirigosus and R. occidentalis were infected with 
spores from R. sirigosus. The reader is not informed just what was done 
in the way of attempting to infect R. irifiorus with spores from either 
host. The leaves of R. arcticus and R. irifiorus, practically devoid of 
tomentum on the lower surface, are certainly quite different in texture 
from those of our common raspberries. No one would question that 
there may be, as we have shown, certain hosts that are more susceptible 
than others, and it is possible that differences in texture of tissues at¬ 
tacked by the rust could very well account for the differences or modi¬ 
fications in the form and size of sori which originally led Farlow to sug¬ 
gest that the form on R. sirigosus, etc., be called P. arciicum var. ameri- 
canunt. The presence of P. americanum at Bell, Md., where pustules 
occurred so abundantly on leaf blades, midribs, petioles, canes, floral 
envelopes, and even on the fruit, offered a rare opportunity to study the 
morphology of the sorus. 

Our sections show that there is a great variation in the form of 
the uredinia developing on the same plant. Some are sharply conical 
with coronate peridia; others are low and broad. Pustules were 
found to vary in size from 50 ju to i mm. in diameter. The peridia of 
uredinia developing on the under side of the leaf (PI. i, C) conform to 
the type described by Farlow. On the larger veins and especially on 
the petioles they tend to grow much larger and round out, sometimes 
becoming nearly globular (Pi. i, B). The corona is not conspicuous in 
such peridia, especially where they are rather deep-seated, originating 
beneath three or four layers of cells. 

Sori on canes are much flattened, elliptical or lenticular (PI. i, D, E, F, 
G, and 3, A). In such cases the heavily cutinized epidermis effectively 
prevents the protrusion of the peridium (PI. i, G), so that the peristomal 
cells and most of the peridium often disappear through disorganization. 
Spores are discharged through the passageway opened by the crushing 
and thrusting aside of the peridial and host ceUs above (PI. i. A). 

I Deep-seated sori are apt to occur in the cal)oc and fruit where the apex 
jof the peridium seldom appears through the epidermis.' Adjacent sori 
’merge by the dissolution of side walls, large saclike cavities which are 
packed with spores resulting. Sori that do not lie much over two or 
three cells deep in the tissues beneath the epidermis are erect (PI. i, F), 
broadly elliptical, or lenticular. While individual sori on canes are large, 
they increase in length by coalescence (PI. i, G). Very frequently the 
vegetative hyphae mass together, crushing aside the host cells of the 
cortex. If these primordia lie near the forming cork layers, or lie deep 
down in the cortex, the uredinia will be inverted, the “peridium” being 
formed on the inner side (toward the center of the cane) (PI. i, D, E). 

Two sori may originate from the same primordium, one having a 
peridium on the side toward the epidermis, the other on the side next to 
the cork cambium, which lies quite deeply embedded in the cortex. The 
^ri shown in Plate i, F, originate from separate primordia; the one above 
is erect, the other inverted. 

ORIGIN OF THE SORUS AND ITS PERIDIUM. 

The origin of the sorus is most easily studied from sections of the rust 
as it occturs on leaf stalks. The vegetative hyphae are not well provided 
with a granular or stainable cytoplasm, but &e cells giving rise to the 
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pritnordium increase in size and their contents become granular and 
stainable and the nuclei show very distinctly (PI. 2, A). Cells become 
arranged side by side in a compact plectenchyma. The termixial 
cells which eventually constitute the peridium elongate rapidly, lose 
their granular cytoplasm and nuclei by disorganization, and act as buffer 
cells to push aside and crush the host cells above. In Plate 2, B, two or 
three terminal cells at each end of the section are more heavily shaded in 
the drawing to indicate that they were more deeply stained than the 
others; the final divisions by which peridial cells arise will soon take 
place. In this way the sorus continues to increase in breadth for 
some time. In the formation of the teleutospores of species of 
Gymnosporangium (8) terminal cells of a sorus primordium function 
purely as buffer cells and entirely disappear as the sorus matures. It is 
the subterminal cells from which the teleutospore buds are formed. 
This is not the case in Pucciniastrum americanum on petioles, where the 
buffer peridium persists more or le.ss and is usually recognizable in an old 
sorus, while the subterminal cells disappear. 

Later the author will consider spore formation as found in P. agri- 
moniae, the species studied by Ludwig and Rees, but if Plate 2, A and B, 
of this paper is compared with their figure i in Plate VIII it will be seen 
that the only essential difference is in the layer of somewhat shorter or 
more flattened subterminal cells which the author found in various stages 
of disorganization, indicated by the way these cells take the orange G. 
In their figure the subterminal cells in the four central rows are not as 
thick as those below them. Sections presenting such features as are 
shown in Plate 5, A, of this paper certainly can be interpreted to mean 
that the layer of cells, b, which extends across the sorus, is composed of 
active basal cells, since these cells take the gentian violet stain rather 
deeply, while the cells of the “hyphal plate” and vegetative cells below 
take scarcely any stain. The cells s take the orange and safranin and 
certainly appear to be degenerating. The cells u will develop into spores. 
Toward the center of this sorus space has been formed and the intercalary 
cell below the spore is elongating into a stock as it disorganizes. If this 
method of spore formation were continued, the uredospores would be 
borne in chains, and essentially there is very little difference between the 
two methods. In very compact deep-seated primordia, conditions may 
be such as to necessitate the formation of the first spores in this way. A 
greater upward thrust against the overlying tissue would result if the 
basal cell elongates as a whole or at its upper end in preparation for 
division. In Plate 5, B, are shown the first spores formed in a sorus where 
the pressure was soon relieved at the center by a break in the overlying 
tissues. Large wedge-shaped uredospores with perfectly definite stalks 
can be seen. Nearer the margin of this sorus there was still considerable 
resistance at the left and above, so that the spore initial buds developing 
from the basal cells, b, are pushing out to the right where the tissue was 
less compact. The relationship of peridial cells, p, intercalary cells, i, 
and basal cells, b, is very evident in sections of this sorus. Furtlier 
evidence that pedicellate spores occur in more mature sori is scarcely 
necessary. At the right in Plate 5, C, is shown a perfectly typical pedi¬ 
cellate spore. At the left three adjacent basal cells are budding; nuclear 
division is occurring in the cell at (he middle. 

If the tangled mass of hyphae constituting the sorus primordium is 
exceptionally large the development of a clear-cut peridium is more or 
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less interfered with, and uredospores often appear to be formed from 
almost any cell of the vertically oriented hyphae. The dark area in the 
sorus shown in Plate i, G, indicates where disorganization of abnormal 
spores or of a portion of the primordium tissue is occurring, so that space 
will be provided and the host tissue above ruptured. More detailed 
studies of the process involved in spore production in such atypical sori 
should be made in order to determine to what extent these apparent 
variations from true form are really the results of abnormal conditions. 

The “hyphal plate” layer mentioned by Ludwig and Rees is com¬ 
monly present along the base of the sorus in P. americanum and seems 
to be almost continuous with the peridium, as shown in Plate i, B. 
The origin of this tissue is perfectly clear. The columns or chains of 
cells constituting the plectenchymatous primordium are the much en¬ 
larged, vertically oriented branches of the ordinary hyphae which orig¬ 
inally formed a small tangled mass at the commencement of the uredin- 
ium. These hyphae can not be distinguished from the purely vegetative 
hyphae by the size, form, or staining properties of their cells. Now, 
the sorus increases in breadth simply by the lateral extension of branches 
from this undifferentiated tissue. Certain branches grow out vertically 
and parallel the other columns of cells and form peridial, intercalary, 
and basal cells in regular order, so that there are bound to be platelike 
layers of cells, especially along the base at the margins, which connect 
up with the peridium. 

In order to secure further proof of the homology of intercalary cells 
and uredospore stalks, the author gathered and fixed material showing 
various stages in the development of uredinia of P. agrimoniae and P. 
hydrangeae on November 2 at Occoquan, Va. A study of sections of P. 
agrimoniae showed that Ludwig and Rees have given a good figure of a 
young sorus. There is ample evidence, on the other hand, proving 
that intercalary cells which degenerate are cut off below the peridium 
(PI. 5, D, E) and that such cells are also formed with at least the first 
uredospores (PI. 5, F). Many cases were observed where there could 
be no doubt that the basal cell forms one or more buds, spore initials 
(PI. 5, G), each of which in turn divides to form a spore supported by a 
stalk. The stalk may disappear without much or any elongation. A 
few other stages in spore formation are figured here showing that P. 
agrimoniae does not differ materially in the organization of its uredinium 
from P. americanum. 

Much of the material of P. hydrangeae was probably gathered too late 
in the season, as most of the sori sectioned had aborted or undergone 
degeneration after having developed the chains of cells constituting the 
primordium. Such stages are, in this condition (PI. 5, J), apt to be 
misleading. In a few cases the uredinia appeared to be healthy and 
normal. Some evidence was found showing that the intercalary cells 
^e cut off as the peridium is formed (PI. 5, K). Certain irregularities 
in the structure of this tissue need further study. One could find stages 
where the first spores were being formed, showing that the uredospores 
originate as a result of the cutting off of a spore initial from the basal 
cell as a whole and not as a bud. In this species the cell supporting 
the spore must be considered the homolog of a true stalk cell or pedicel. 
Young spores supported by intercalary cells are shown in Plate 5, H. 

Plate 3, A, B, shows more clearly that the peridium is composed of 
the terminal cells of the sorus primordium. The subterminals take the 
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orange stain more deeply than the others, therefore this layer is easily 
recognized in sections. Disorganization, followed by collapse, occurs, so 
that these interstitial cells are represented finally by more lines of degen¬ 
eration products. 

METHODS OF SPORE FORMATION 

The formation of uredospores in Puccinia from a definite layer of basal 
cells which send out buds (spore initials) is well understood. Nuclear 
division is followed by cell division, cutting off from the spore initial 
the stalk cell below and the spore above. Such spores are thus not 
borne in chains, even though the basal cells may continue to bud and 
give rise to a number of spores. 

Liro (lo, p. 4go, 4.92, 493) states that the uredospores of Melamp- 
sorella cerasiii and M. feurichii are borne in caeomalike sori, that is, in 
chains. Magnus (12), while confirming Liro regarding the first species, 
disagrees with him as to the second, figuring stalked spores in a sorus of 
M. feurichii, and further holds that it would be impossible for a spore 
to be formed out of such stalk cells. He creates the new genus Milesina, 
especially characterized by stalked uredospores, leaving in Melamp- 
sorella M. cerasiii, which he and Liro agree has catenulate spores. 

Ludwig and Rees (jj), who made a study of the uredinium in P. 
agrimoniae, find that the apical cells of the primordium elongate and 
their contents stain less deeply. The terminal cells become the first 
peridial cells, and the other cells of the chains are the uredospores, no 
intercalary cells being formed. These authors further state that the 
spore chains arise from a layer of basal cells just above a "hyphal plate 
layer,” which is a tissue extending across the base of the sorus and con¬ 
necting at the margins with the peridium. Stages in spore formation 
are not shown, although they follow Magnus in their explanation of the 
probable method. Since intercalary cells were not found, they suggest 
that the peridium is formed in a way analogous to that in the ordinary 
aecidium. They also suggest that the genera now included in the Pucci- 
niastratae may be separated into two subgroups, the fern rusts having 
pedicellate spores in one group, and Pucciniastrum, Melampsorella, Melam- 
psoridium, characterized by spores borne in chains with each chain 
maturing but one spore at a time, in the other. 

The writer has not made an extensive study of the order of cell division 
in spore formation in P. americanum, but there can be no question that 
the uredospores are frequently borne singly on pedicels. On the other 
hand, if the very important fact that intercalary cells arc present is dis¬ 
regarded, there is considerable evidence showing that the first spores, 
especially in deep-seated sori on petioles and canes, are borne somewhat 
as Magnus describes for Melampsorella. In other words, in P. amer¬ 
icanum the first spore initials arise as the result of tangential divisions 
of basal cells and not by budding. Any claim that the upper daughter 
cell may sometimes become a spore at once, the sister cell remaining as a 
basal cell, would be difficult to disprove. 

FORMATION OF THE OSTIOLB 

The formation of the ostiole and the peristomal cells in P. americanum 
can be followed very readily by studying sections of sori which are not 
very deeply seated. About the time the first spores appear in the cavity 
beneath the central part bf the buffer peridium, it will be seen that a few 
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cells at the center or apex are beginning to disorganize and collapse at 
their lower ends (PI. i, A, and 5, B). As the peridium is lifted these 
central cells sustain considerable pressure from the sides so that they 
eventually become distorted, compressed below, enlarged above, and are 
finally thrust somewhat out of place as they break through the epidermis. 
The spinelike thickenings which are being formed during the rupturing 
processes may in some way facilitate the final dislodgment of the peri¬ 
stomal cells in older sori. Tlie cell ps in Plate 4, E, is slightly more than 
half the length of that of the adjacent peridial cell, p. Originally these 
two cells were the same length; therefore, the difference seen later is due, 
not to the thickening of the wall of the lower end, as thought by Far- 
low, but to disorganization which is not confined to the peristomal cells 
alone. It is interesting to see that while the lower end of such cells is 
becoming disorganized and distorted the c3rtoplasm and nuclei in the 
up'per part are still active, holding the gentian violet stain to the last 
or until the spines are formed. 

It is now a well-recognized fact that peridial cells of an aecium 
are the homologs of aeciospores, being merely the specialized terminal 
cells in the chain of spores. The figures in this paper suggest that these 
homologies can be carried over to the uredinium of Pucciniastrum, 
where the peridial cell and intercalary cell below are comparable to the 
uredospore and its stalk, which supports the theory first advanced by 
Sappin-Trouffy {13, p. 86) and further defended by Christman {4). 

Stalked spores arising from budded basal cells were not found in the 
limited study of P. hydrangeae made by the author. Such types as are 
shown in Plate 5, I, suggest that in older sori the intercalary cell may 
elongate to take the form of a stalk and that the basal cell may bud the 
same as we find in the other species. 

It is a certmnty that spores are sometimes formed atypically in P. 
americanum, so the author has hesitated to interpret the figures in Plate 3, 
which show (at the right) spores without stalks or supporting intercalary 
cells. The author has relied on the positive evidence offered by finding 
intercalary cells and pedicellate spores in just such sori, rather than on 
such negative evidence as these figures might be interpreted to afford. 
In the orderly process of spore formation in uredinia there is a h3mienial 
layer of basal cells-from which spore initials regularly arise, but all sorts 
of abnormalities are liable to occur here as in other fimgi, so that a spore 
might be formed from almost any cell, peridial, intercalary, or basal. 
Every well-nourished cell in the primordium is potentially sporogenous, 
but usually one of the daughter cells of the spore initial is in effect 
sacrificed, thus providing additional food for the one that is to become 
the spore; the other, although incidentally becoming a disjuncting 
intercalary cell or stn elongated stalk, finally degenerates.^ 

Magnus’ figure 7, Plate XIV (is), in support of his view is not con¬ 
vincing. He may have overlooked the stalk cells or their homologs, 
intercalary cells, as he did the peridial cells in Hyalopsora which Bar¬ 
tholomew (3) shows very plainly to be present in this genus. Ludwig 
______ ■ - _ ♦ 

, * h, Kursanov, in a recent paper which has jnst ccme to hood (Recherches morpholoifiques €t cytolo- 
giques sur Ics Ur^in^. Bui. Soc. Nat. Moscow, v. 31, p. 1-129, pl. 1-4, as fig. Oct., xyaa), traces the de¬ 
velopment of terminal.sterile cells in the ur^o sori of Puecmia ailii, Triphragmmmulmariae, Utedo (Pttc- 
aniastrum) pirolac, and Hyalopsora pdyPodii-dryopttrtdis. He figures intercalary cells directly beneath 
the sterile teiminal cells in the last two species and states that they arise by the division of the subtenninal 
cells. This may very well be their method of origin In the specie of Pucciniastrum which the writer has 
nnd^ discussion, but it would not affect their homology. Instances of the cutting off of the intercalary 
ml from the upper part of the aecidiospore initial are well known. Kursanov has not followed fully the 
development of the uredo spores in Pucciniastrum pirolae, so that the leader is l^t in doubt as to whether 
they are provided with true stalk cells or not. 
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and Rees, as noted, state that the uredospores of Pucciniastrum agri- 
moniae are borne in chains and that the tenninal cells of the chains 
elongate to become the peridial cells, the other cells developing one by 
erne into uredospores as described by Magnus for Melampsorella. These 
authors did not find intercalary cells either in the spore chains or below 
the peridial cells. If this were true, the peridium would be formed in a 
manner analogous to that of the aecidium, as they pointed out. 

Some of the strongest hints as to the trend in evolution are suggested 
by what it is thought are atypical processes; but if in addition to the 
method of spore formation which the author has observed in Pucciniastrum 
it should be rarely found that every cell below the peridium in the cell 
chains develops into a uredospore, as claimed by Ludwig and Rees, the 
doctrine of homologies would be weakened. The buffer cell in the 
telium of Gymnosporangium may be the homolog of tlie peridial cell in 
Puccinastrum; this depends on just how the first intercalary cell in the 
latter is cut off. It is not the homolog of the peridial cell of the ordinary 
aecidium, but rather it is comparable to the hynienial basal cell or its 
sister peridial initial. If the uredospores of Melampsorella cerastii are 
always borne in chains, and those of Hyalopsora are borne singly on 
pedicels, then the species of Pucciniastrum form a good series of con¬ 
necting links, P. hydrangeae being more nearly like Melampsorella, 
especially if we should find intercalary cells in the latter. 

The complete life history of P. americanum is unknown. Three other 
species of the genus have their aecial stage on Tsuga and two on Abies. 
The occurrence of our rust on canes of the current season suggests that 
the fungus may live through the winter, thus obviating the necessity* 
for the alternate aecial stage in certain localities. No explanation has 
been offered to account for the presence of the deep-seated, inverted sori 
on canes, which are very common. It is possible that the inversion may 
facilitate spore discharge the following spring as the cortical parenchyma 
peels off, exposing the cork tissue below. Such inverted sori were not 
found on leaves or petioles. 

It has been shown that the form and size of sori vary greatly, depending 
upon what tissue they are found, indicating that P. archeum and P. 
americanum are not distinct species. In the event that it can be shown 
that Rubus triflorus and R. arcticus can not be infected with spores from 
R. singosus and related forms, distinct names for the strains or biologic 
forms might still be desirable. 
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PLATE I« 

Pucdniastrum americanum (Farl.) Arth. on June X Cuthbert Red Raspberry 

A. —Section through the center of a young urediniumon leaf stalk. Four layers of 
host cells lie above the sorus. Cells next to the sorus have been crushed by the ex¬ 
pansion of the buffer tissue. Disoiganization of cells at the center. Uredospores 
formed irre^larly, intercalaxy cell replaces stalk. 

B. —Vertical section through a mature sorus on a leaf stalk. Only two la)rers of host 
cells above. The buffer tissue has been flattened by the pressure from within and will 
persist more or less as a peridium, although the cells at the center are fully collapsed 
and will soon disappear. No corona would have been formed. Uredospores stalked. 

C. —^Vertical section of sorus on lower side of leaf. One cell of the corona showing. 

D. —Inverted broadly elliptical sorus on young -cane. * Teridium’ ^ or buffer tissue 
facing the cork cambium, which is deep-seated; e, epidermis; ck, cork layers. 

E. —Inverted sorus still more deeply seated. Buffer tissue directly against tlie 
cork. 

F. —Two lenticular sori on a cane. The upper one lies just beneath the epidermis 
and is erect; the lower is inverted. 

G. —Erect double sorus on large cane. Peridium of the part at the left has entirely 
di^ppes^ed, cavity filled with spores. At the right peridium still evident although 
disdrganizing. Degeneration of tissue at the center of the .sorus (dark area), normal 
spore production below. Note the position of the epidermis above the sorus and of 
the cork cambium below it; e, epidermis, cp, cortical parenchyma, ck, cork. 

B to F, photographed with Leitz 8 mm. lens and No. lo oc.; A, 4 mm., 6 oc.; G, 
16 mm., 10 oc. 

<iTbe photographs shown in PI. r, and all the sections which were stalled in the preparation of 
this paper were made by Miss Ruth Colvin. 
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PLATE 2 


A. —Primofdium of sorus on leaf stalk of raspberry, showing its position in the host 
tissues. Peridial or buffer cells, each accompanied by a disorganizing intercalary 
cell, at the center of the sorus. Cell division by which intercalary cells are formed 
has not occurred at the margins. 

B. —Primordium of sorus on petiole of raspberty. Terminal celU elongating, 
intercalary cells disorganizing. Cells at the margin just before division. 



PLATE 3 

A. —Part of section of a young sorus on leaf stalk. Peridial cells fully elongated at 
the right, contents disappearing, intercalary cells collapsing. 

B. —Part of section of a small and rather dat sorus on a cane* Buffer tissue Of erect 
cells; intercalary cells in all stages of disorganization. Five uiedo^res at right 
center. 
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PLATE 4 


The origin of peristomal cells in P. amevicanum. Deep shading of the peristomal 
cells, PS, indicates disorganization; P, peridial cell. (See text for further explana¬ 
tion.) 



P1.ATE 5 
P. americanum 


A. —Columns of cells in a young, compact sorus. Uredospores arise by division of 
spore initial cells: p, peridial cell; i, intercalary cell; u, uredospore; s, stalk; b, 
basal cell. 

B. —Formation of stalked spores in a sorus in which space was provided by the 
early rupture of overlying tissues. Spore initial buds are arising from basal cells (at 
the left) so that the first spores will be borne on stalks. 

C. —Uredospores formed from budding basal cells. Nuclear division occurring in 
the bud from the second basal cell. 


P. agrimoniae 

D. —Row of cells at margin of sorus, wedge-^aped intercalary cell below the peri¬ 
dial cell p. 

E. —Fully elongated peridial cells supported by intercalary cells beneath which arc 
normal basal cells, not spores. 

F. —Typical spore initial bud si, from basal cell (right); cell chain consisting of 
young uredospore, intercalary cell, basal cell, and “hyphal plate'’ cell; stalked spores. 

G. -^hort stalk cells. Whether we find two spores or only one connected wifih the 
hasal cell may depend on the way the cell is sectioned. 

P. hydrangeae 

H. —Four young uredospores, u, each supported by an intercalary cell. 

I. —Intercalary cell elongating somewhat. 

J. —Chains of cells in an aborted sorus. Intercalary cells beneath the peridium. 

K. —Cell chains at the margin of a normal young sorus; wedge-shaped intercalary 
cells degenerating. 






WATERY-ROT OF TOMATO FRUITS ‘ 

A PHYSIOLOGICAL FORM OF OOSPORA LACTIS; EFFECT ON 
THE HOST; PENETRATION OF THE CELL WALLS BY EN¬ 
ZYMIC ACTION 

By Fred J. Pritchard, Physiologist, and W. S. Porte, Scientific Assistant, Office of 

Cotton, Truckj and Forage Crop Disease Investigations, Bureau of Plant Industry, 

United States Department of Agriculture 

INTRODUCTION 

A new rot of tomato fruits closely resembling the rot caused by 
Bacillus carotovorus has frequently been found in shipments of southern 
grown tomatoes and sent to the OflBice of Cotton, Truck, and Forage 
Crop Disease Investigations by the Bureau of Markets* inspectors since 
the spring of 1921. It is also prevalent in the vicinity of Arlington, 
Va., and Washington, D. C. 

This rot is characterized by the extremely watery appearance and 
condition of the affected tissues, by the absence of any other discolora¬ 
tion, and by the occasional oozing of water from the surface—features 
by which it can readily be distinguished from other fungous softrots. 
The rotted areas usually develop in the form of sectors extending from 
the stem scar toward the blossom end. In very humid air they are 
partly covered with a white velvety to granular fungous growth, but 
under average atmospheric conditions this is absent. The illustration 
shown in Plate 4, A, is fairly typical of this rot except for the low point 
of origin and the presence of a surface growth. 

That this rot has frequently been mistaken for the rot caused by 
Bacillus carotovorus is quite likely, as the two are similar in macroscopic 
appearance. However, it differs from the bacterial rot in rapidity of 
development; in fact, fruits kept in the laboratory 10 days after this rot 
had made considerable progress were not completely softened, while 
those infected by B. carotovorus usually collapsed in about 3 days. 

As an examination of the affected fruits obtained from l 3 ie Bureau of 
Markets always disclosed the presence of an Oospora, experiments were 
made to determine the relation of this fungus to the disease. 

INVESTIGATION 
MATERIAL AND METHODS 

The Oospora used in the inoculations was grown chiefly on carrot 
agar, as it grew better on it than on most other kinds of media. It 
grew well also on turgid raw carrots kept in a moist atmosphere, pro¬ 
ducing a distinct rot (PI. 4, C), but this material was used only for mor¬ 
phological comparisons. 

In the inoculation work, green, ripe, and partly ripe tomato fruits 
free from blemishes were submerged for 30 minutes in a i: 1000 aqueous 
solution of bichlorid of mercury, washed in distilled water, and inocu¬ 
lated with a pure culture of the Oospora obtained from the rotted fruits. 

^ Accepted for publication Jan. 22, 1983. 
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This treatment caused some discoloration of the fruits but no softening. 
It had no visible effect on susceptibility to infection by this fungus, for 
fruits treated with weak solutions of bichlorid of mercury or formalde¬ 
hyde as well as fruits not treated were quite as readily infected. 

Controls were liberally used in all the experiments. Both the controls 
and the inoculated fruits were usually kept in closed glass chambers to 
prevent contamination from the air, but inoculated fruits kept in open 
dishes were quite as readily infected. 

The decomposition of the cell constituents was observed on roots of 
carrots and on green tomato fruits. Sections of carrot roots, chiefly from 
the heart, and of green tomato fruits, 250 and 500 ju thick, respectively, 
and free-hand sections of varying thickness were used as fresh material. 
Pieces of green tomato fruits from spots 2 days old were treated with 
Flemming’s medium killing and fixing solution, embedded in paraffin, 
and sectioned and stained for the study of fixed material. 

Hie cultures were made as described by Brown (j)* on thin layers of 
media (carrot decoction, and beef bouillon + 2}^ per cent glucose) in 
small flasks or Petri dishes, inoculated with an optimal quantity of spores, 
and kept at a temperature of 22° to 26° C. 

The action of the enz3nns on the host cells was determined by means 
of the live organism, the ground-dried organism, the extract from the 
ground-dried organism, the filtrate from cultures, and the alcoholic 
precipitate from the filtrate. 

The organism was separated from the culture medium by passing the 
liquid through a double layer of Whatman’s No. 50 filter paper. A few 
small cells passed through the filter but showed no signs of germination 
dining the experiment. 

The enzymic material was precipitated by adding 4 volumes of 95 per 
cent alcohol to each volume of the filtrate. The liquid was then filtered 
and the precipitate washed in 95 per cent alcohol, dried in a warm air 
jcurrent, dissolved in a very small quantity of distilled water, and used 
immediately. 

The ground-dried organism was used in aqueous suspension. The 
extract of the same material was prepared by soaking the powdered 
fungus in water for 24 hours. 

Hie decomposition experiments were run for 24 hours at temperatures 
ranging from 24° to 45° C. Growth of microorganisms was prevented by 
adding chloroform or toluene to the liquid in ^e proportion of 10 to 25 
per cent, but duplicate experiments in which no antiseptic was used were 
also made. Chloroform and toluene inhibited growth without apparently 
hindering the action of the enzym. 

RESULTS OF INOCULATION 

The results obt^ed with both pricked and unpricked fruits are sum¬ 
marized in Table I. 

Of the 277 pricked fruits inoculated, 208, or 75 per cent, became 
infected. T^e ripe fruits seemed to be somewhat more susceptible than 
tile green fruits, but both were easily infected through punctures. The 
inf^tions of unpricked fruits took place only through the stem scar. 
This was frequently observed in preliminary experiments not recorded. 
Moreover, it appears to be the cause of the position of the rotted areas 
of this type on most shipped fruits. 


* Reference it made by number (italic) to **I«itcrature dted/’ p. 905* 



junei6,i9aj Watery-Rot of Tomato Fruits 


897 


TabliS I .—Results of inoculating tomato fruits with the Oospora associated with watery-rot 







Fruits inoculated. 

Fruits infected. 


Green. 

Rip¬ 

ening. 

Ripe. 

Total. 

Green. 

Ripening. 

Ripe, 

Total. 






Num- 

Per 

Num- 

Per 

Num- 

Pci 

Num- 

Per 






ber. 

cent. 

ber. 

cent. 

ber. 

cent. 

ber. 

cent. 

Pricked. 

160 

90 

27 

277 

118 

74 

64 

71 

26 

96 

208 

75 

Unpricked. 

16 

7 

s 

28 

0 

0 

0 

0 

02 

0 

0 

0 


• Infected through the stem scar. 


Although these infections were obtained with an apparently pure 
culture of Oospora, the possibility of contamination by Bacillus caroto- 
vorus was not overlooked. The cultures were repeatedly plated and 
examined microscopically for the presence of bacteria but no evidence 
of bacterial contamination was found in either the plates or microscopic 
mounts. Moreover, the fungus pricked into halved potato tubers caused 
only a slight superficial growth, even when allowed to stand for a con¬ 
siderable period of time, while B. carotovorus produced a very decided 
rot (PI. 4, B). The infections of the inoculated tomato fruits were 
therefore unquestionably caused by the fungus. 

The stems and leaves of 15 vigorous tomato seedlings about 4 inches 
tall were thoroughly sprayed with the Oospora spores and kept in a 
moist chamber 60 to 72 hours but no infections developed. Ten similar 
tomato seedlings were thoroughly pricked in stems and leaves and 
smeared with the spores of Oospora, but the fungus was unable to invade 
the tissues. It therefore seems to have little if any parasitic action on 
tomato plants. 

MORPHOLOGY OF THE FUNGUS 

The Oospora causing watery rot of tomato fruits consists of a hyaline, 
septate mycelium with granular contents and numerous short branches 
arising near the septa at an angle of about 45° from the main filament 
(PI. 3, A) and other longer branches of a two-or-three-forked type (PI. 
3 , B-D). 

The hyphae vary from 2.5 to 7.5 y. in diameter. The younger branches 
are narrower than the main filament but the taper is very gradual. 

Reproduction is accomplished by the breaking up of the hyphae into 
their cells which serve as spores. The branches shown in Plate 3, A, 
divide into numerous short cells which round at the ends (PI. 3, E, F, H) 
and separate. The rounding appears to begin in the apical cells (PI. 
3, G), but occurs in all cells of a branch almost simultaneously. At a 
certain stage of their development these cells appear to be chains of 
spores arising from the main part of the mycelium (PI. 3, E, F), but 
by the time Siey lose their coherence, or shortly afterward, the main fila¬ 
ment itself breaks up by cell division and separation into numerous cells 
of different lengths, which round at the ends, and when short are often 
indistinguishable from those formed from the lateral branches. They 
are hyaline and granular and are capable of germinating immediately. 

The transverse diameter of these sporelike cells (oidia), which for con¬ 
venience will be referred to hereafter as spores, varies from 2.5 to 7.5 y, 
the length from 3,2 to 40 y and in some cases even to more than 60 y. 
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Germination of the spores may start from the end (PI. 3, I, L), from 
the side (PI. 3, J, K), or from a comer (PI. 3, 1 , M). Devdopment from 
a comer of the cdl is quite similar in point of origin to the development 
of the branches shown in Plate 3, A. 

COBfPARISON WITH OOSPORA LACTIS 

The Oospora obtained from rotted tomato fruits shipped from the 
Gulf States was compared morphologically with the Oospora lactis that 
commonly grows on the surface of tissues in the cracks of ripe tomatoes; 
with two cultures of O. lactis received from Dr. Charles Thom, one 
isolated by him from pickle scum, the other sent to him from Germany; 
and with an Oospora isolated from green tomato fmits affected by 
watery-rot at the Government Experimental Farm, Arlington, Va. 
The two Oosporas causing watery rot and the one from Germany did not 
always break up into their cells so readily and completely as those from 
the cracks of ripe tomatoes and from pickle scum, but this habit varied 
with the age of the culture and with the kind of culture medium used. 
Aside from this difference, which was not constant, and slight differences 
in quantity of mycelial growth, there were no peculiarities, except in 
parasitism, by which one form could be distinguished from the others. 
The Oospora received from the Gulf States and the one obtained from 
green tomato fruits at the Government Experimental Farm reproduced 
the watery-rot in a large percentage of the fruits inoculated, but the 
others appeared to have no such parasitic action on tomato fruits. It 
would seem, therefore, that the Oospora causing watery-rot of tomato 
fruits, both in the Gulf States and at the Government Experimental 
Farm, is a physiological form of O. lactis. Consequently w’e have 
given it the trinomial O. lactis parasitica, form phys., to distinguish it 
from the parent species. As it is indistinguishable morphologically 
from O. lactis, it needs no further description. 

It would be interesting to know how this form compares with the 9 
varieties of Oospora lactis that Schnell {8) grew on sliced potato tubers, 
but as he made no inoculations on tomato fruits an accurate comparison 
of their parasitism is impossible. Six of the 9 varieties grown on sliced 
potatoes, 4 of which grew also on sliced cucumbers and 2 on plums, 
produced a discoloration of the potato tissues which would distinguish 
them from the form isolated from green tomatoes. Two of the others 
produced slimy colonies on sliced potatoes—a character not obtained with 
the watery-rot fungus. The remaining strain, viz, Oid. 1 . 557, made a 
feeble growth on potato tubers, agreeing in this respect with the one 
isolated from tomato fruits affected by watery-rot, but this has no sig¬ 
nificance with reference to its parasitism on tomato fruits. 

TEMPERATURE RELATIONS 

The effect of temperature on growth and infection by Oospora lactis 
parasitica is shown in Table II. 

The minimum temperature obtained for germination of the spores, 
for growth of the myceHum.-and for infection of pricked tomato fruits 
was approximately 2° C., the optimum temperature 30°, and the 
maximum 38.5®, except for infection of fruits, which was 37.5®. As 
there was a difference of i® to 2“ between the temperatures of adjoining 
chambers and some fluctuation within each chamber, these temperatures 
are only approximately correct. 
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Tabi^E II .—Relation of temperature to growth and infection by Oospora lactis parasitica 


Temperature. 

Growth on 
culture 
media, a 

•c. 

38.5 

30. 0 
2. 0 

Infection of 
pricked 
tomato 
fruits. 

1 

Germina¬ 
tion of 
spores. 

Maximum. 

®C. 

! 37 * 5 

30.0 
2. 0 

•c. 

38.5 

30. 0 
2. 0 

Optimum. 

Minimum . 



o Carrot agar and glucose agar. 

^ The experiments on the minimum temperature were run about a month. 


EFFECT ON THE HOST 
ACTION ON THE CUTICLE 

It was shown in the inoculation experiments described above that this 
fungus is unable to infect uninjured tomato fruits except through the 
stem scar or other similar areas not covered by the cuticle. This is 
also illustrated in Plate i, A. The fungus lay in masses on the surface 
of the fruit but was unable to penetrate it. However, when once inside 
the fruit it invaded the epidermal cells quite readily. 

ACTION ON THE PROTOPLASM 

Invasion of the host cells is soon followed by a gradual consumption 
of their protoplasmic contents. Some of the steps in this process are 
illustrated in Plate i, in which B and C show an early stage, D a medium 
early stage, and E-J late stages. This action of the fungus on the 
protoplasm of the invaded cells is quite evident soon after the pene¬ 
tration of the wall, as it causes dissolution of the protoplasm in advance 
of the growing tip (PI. 3, R). These transparent areas, or digestion 
vacuoles immediately surrounding the filaments, are shown more fully 
in Plate i, B-D, and Plate 3, U. It would seem from these figures tnat 
the proteolytic enzym secreted by the fungus acts chiefly in the region 
of the growing tip. There was apparently no preference for the nucleus, 
as it often remained intact after most of the other cell contents had 
disappeared. 

Quite different results were obtained with the ground dried organism, 
the filtrate, and the alcoholic precipitate from the filtrate. Repeated 
experiments with these substances produced no visible effects on the 
protoplasm. The failure to obtain a proteolytic action with any of 
these substances may be due to a rapid deterioration of the enzym, to 
inhibitors, or to lack of suitable technic. 

ACTION ON THE MIDDLE LAMELLA 

The growing fimgus, as shown in Plate i, dissolves the middle lamella 
slowly, causing the loss of cell coherence. This loss of coherence and the 
breaking up of the fungus filaments into their individual cells produce 
the extremely watery consistency which distinguishes this rot from other 
softrots in which the fungus filaments remain intact and hold the host 
cells together. A similar action was produced on the middle lamella 
by the ground dried organism, the extract from the ground dried organ¬ 
ism, the filtrate, and the alcoholic precipitate from the filtrate of cultures 
2 to 3 days old, but this activity diminished as the age of the culture 
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increased. In fact, the alcoholic precipitate from cultures 6 days old 
and the filtrate from cultures 21 days old produced no visible effect on 
the middle lamella. This deterioration or inhibition of the action of the 
pectinase from age is quite different from the rapid action obtained 
with pectinase from cultures of Bacillus carotovorus 21 days old. 

ACTION ON TH8 CBtlUIAJSS 

The passage of this fungus through the cell walls is shown by the 
drawings in Plate 3, N-T, and by the intracellular filaments in the photo¬ 
micrographs of Plate 1. The drawings in Plate 3, N-T, were made from 
partly destroyed cells of a disintegrating area of the fruit. Only the 
tips of growing hyphae are shown passing through the somewhat wavy 
and more or less separated walls. The penetration of the cell walls of 
normal cells by young germ tubes was also observed by means of the 
microscope. The more important details of this process will be described 
later. 

No visible effect was made on the walls by the filtrate, by the alcoholic 
precipitate from the filtrate, nor by the mycelium in the presence of 
sufficient chloroform or toluene to inhibit its growth. Moreover, bits 
of filter paper placed in fresh cultures of the fungus and allowed to remain 
there for 10 days to 2 weeks did not disintegrate. The fungus filaments 
passed between the fibers, causing the paper to tear apart somewhat 
more readily after the breaking up of the hyphae than similar bits of 
paper kept in distilled water, but microscopic examination of the fibers 
failed to reveal any corroding effects. There was apparently no chemical 
action on the filter paper. 

It might seem from the foregoing facts that pressure rather than en¬ 
zymic action enables the fungus to penetrate the cell walls as described 
for Pythium debaryanum by Hawkins and Harvey (7), but further obser¬ 
vations do not substantiate this means of penetration for Oospora lactis. 

Before a fungous filament can penetrate a cell wall by means of pres¬ 
sure, it must attach itself to the wall, or, if in a cell, to the protoplasm 
in order to prevent pushing itself away from the wall as it elongates. 
Spores of this fungus germinated either in water or in culture solution 
do not attach themselves to the slide or the cover slip. Moreover, when 
germinated in cells of tomato fruit tissue they do not adhere to the wall 
or the protoplasm. When the tip of such a sporeling comes into contact 
with the wall, its more or less continuous growth in length usually pushes 
it aside, which causes it to slide along the wall. Not infrequently the 
position of the whole filament is thus changed, as well as the position of 
other sporelings lying in contact with it. In fact, such a filament may 
even shift its position in such a way as to remove its tip some little dis¬ 
tance from the wall. Such short filaments go through the walls more 
easily at the comers of the cell because there is less chance to slide along 
the wall. When a filament has passed through a wall it pierces other 
walls more rapidly because the andiorage thus obtained holds the grow¬ 
ing tip against a single point better than does the free spore end of a 
germ tube that has no anchorage. 

The phenomena accompanying the penetration of a cell wall by a 
germ tube of this fungus throw some light on the means by which it is 
accomplished. By placing spores of the fungus on the top of thin sec¬ 
tions of tomato fruit tissue mounted and covered on a glass slide and 
furnished with a constant supply of water, the growth activities of the 
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spores that settle in the cells as well as the penetration of the wall and 
the effects resulting from it are easily observed by means of the micro¬ 
scope. Some short germ tubes lying near a wall and approaching it 
perpendicularly go directly through it without the use of any support or 
anchorage to increase their pressure. The opening made in the first 
half of the wall is a hole, not a basin or general depression such as would 
be produced by pressures, although the second half of the wall, i. e., the 
wall of the cell undergoing invasion, is sometimes pushed back. When¬ 
ever an invading filament completely fills the hole in the first half of the 
wall it attains a certain amount of anchorage which no doubt enables it 
to make some use of its growth pressure. This causes the second half 
of the wall to bend back before the filament has passed through it (PI. 3, 
P, T), but it is not essential to the penetration. Moreover, this bending 
is usually absent, because tlie hole made in the first half of the wall, as 
shown by focusing sharply with the microscope, is usually a little larger 
than the filament (PI. 3, V). It is also destitute of radiating cracks or 
fragments such as would be likely to accompany the bursting of the wall 
by pressure. By pressing the cover slip with a needle so as to produce 
vertical and lateral movements the angle between a germ tube and the 
wall through which it has passed may be varied more than 90°. This is 
caused by the pressure of the liquid against the filament, which changes 
its position in the wall without bending it at the edge of the hole. The 
two ends of such a filament usually move in opposite directions, especially 
when the part extending through the wall is three or four times as long 
as the part in the original cell. If the filament were rigidly fixed in the 
wall, the angle between it and the wall would not change unless the 
filament were bent at the edge of the hole. Moreover, an occasional 
filament can be made to slide in the hole. These phenomena are possible 
only when the hole is larger than the filament. In view of these facts, 
it would seem that this fungus invades the cells by means of a cellulose¬ 
dissolving enzym (cellulase) secreted by the growing tips while in con¬ 
tact with the wall. 

COMPARISON WITH BACILLUS CAROTOVORUS 

As this Oospora and Bacillus carotovorus * cause similar rots of tomato 
fruits, a comparison of their effects on the host is interesting. Oospora 
invades the cells and destroys the protoplasm before it causes much 
separation of the walls (PI. i, B-F). Although it is also found in the 
intercellular spaces, it apparently makes little use of them except as 
passages. Bacillus carotovorus, on the other hand, remains in the inter¬ 
cellular spaces until it destroys the middle lamellae of the adjoining cell 
walls (PI. 2, A-D) and enters the cells usually after it has destroyed 
their coherence. That an earlier entrance is sometimes effected, how¬ 
ever, is evident from Plate 2, E. In later stages (PI. 2, F-H) it not 
infrequently fills the cells. 

ENZYM VERSUS PRESSURE 

If we assume that the penetration of the cuticle by all fungous para¬ 
sites is by “sheer mechanical presssure,” as concluded for Botrytis cinerea 
by Brown {4, 5) and by Blackman and Welsford (x) and for Sclerotinia 


* An excellent history ol the work done on the softrots oi vegetables (also tomato) caused by the Bacillus 
cafoknorus group d organisms is publiidied in ** An Introduction to Bacterial Diseases of Plants/* by Erwin 
P. Smith (9). 
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Libertiana by Boyle (2), we may be greatly misled. This would apply 
also to the conclusions of Hawkins and Harvey (7) regarding the pene¬ 
tration of cellulose walls. Fungi produce a variety of enzyms by means 
of which they decompose substances and obtain food. Moreover, it is 
quite likely that they produce many more enzyms than have been 
isolated. Failure to isolate an enzym therefore does not disprove its 
existence, especially as the physiological factors involved in the produc¬ 
tion of enzyms and the activators and inhibitors controlling their activi¬ 
ties are little understood. Moreover,, the observation by Hasselbring 
{6) that the cavities made in the waxy covering of Berberis Thunbergii 
berries by the anthracnose fungi are much larger than the germ tubes 
and the conclusions by Ward (10, ii) from an exhaustive study of the 
brownrust of bromes that there is absolutely no relation between thick¬ 
ness of walls, number and size of stomates, hairs, and other mechanical 
structures and immunity to rust, present a striking contrast to the 
pressure theory of parasitic invasion. That growth pressure often ac¬ 
companies enzymic action is obvious. It may also speed up the process 
of penetration and in certain cases serve as the chief, if not the sole, 
means of invasion, but it plays only a minor and nonessential part in 
the invasion of the tomato fruit cells by Oospora laciis and no doubt acts 
only in a secondary capacity in most cases. This is fortunate, for if the 
development of disease-resistant fruits depended upon thickness of walls, 
quality and resistance would often be diametrically opposed. 

Since Oospora passes through the cellulose walls of two adjoining fruit 
cells without attaching itself to the wall or protoplasm and not infre¬ 
quently makes an opening larger than the filament without causing a 
depression in the wall of the occupied cell, nor lateral cracks, or ruptures, 
in the wall of the invaded cell, its means of penetration can not be ascribed 
to pressure. The only other known means by which a fungus can 
make an opening of tlxis description is by the use of an enzym, such as 
cellulase, which has been isolated from fungi. 

There are features in the penetration of cell walls by some fungi, 
especially species of the genus Pythium, which cast considerable doubt 
on the penetration of cell walls by pressure. In his study of Pythium 
gracUe, Ward observed that an oospore which had germinated at some 
little distance from a cress seedling, produced as it grew several bends in 
its germ tube and passed around a small algal cell at right angles before 
reaching a cress cell. On coming into contact with this cress cell its 
“apex became closely pressed against the cuticle, apparentlj* lifting the 
whole hypha slightly in the process,” evidently a result of pressure, but 
thereafter made no further movement nor change in its position as it 
produced a small hole in the cuticle and cellulose wall, passed through, 
and enlarged to normal size within the cell. As this fungus filament con¬ 
sisted of a single cell, the pressure within it was equally distributed. 
If the pressure had been sufficient to penetrate the host cell wall, which 
was many times as thick as the fungus wall, it would have straightened the 
fungus filament. As a matter of fact, however, it did not straighten 
a single bend nor change its position in the least, although such fila¬ 
ments bend easily, even by the motion of delicate water currents. More¬ 
over, if pressure had caused the penetration of the wall, the fungus would 
have made a hole as large as its filament instead of a small hole, for the 
pressure on every unit area of its wall surface was equal. A more prob¬ 
able cause of this type of penetration is that cellulase is formed solely at a 
single point on the tip of the filament. 
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In view of the foregoing evidence, it would seem that the pressure 
theory of cell 'wall penetration by fungi is not so well supported as the 
enzym theory. 

DISTRIBUTION OF THE FUNGUS 

As this physiological form of Oospora lactis has been isolated frequently 
from tomato fruits shipped from the Gulf States, it is probably common 
in at least several of the Southern States. It is difficult from the reports 
of the Bureau of Markets’ inspectors to estimate how often it really occurs 
in shipped tomatoes, as they report all such rots as “soft rot.” It was 
found to be common at the Government Experimental Farm, Arlington, 
Va., and in gardens in the vicinity of Washington, D. C., where no doubt 
it has carried on its parasitic activities for some time, but has been over¬ 
looked because of the similarity of the rots produced by it and Bacillus 
carotovorus and the not infrequent association of the two organisms in 
the same fruits. 

possible means of control 

As this fungus infects tomato fruits quite readily between 9° and 32° C. 
and* can infect them at temperatures ranging from 2° to 37.5°, the prac¬ 
ticability of controlling it by means of low temperatures seems doubtful. 

Some experiments were made to determine the effects of antiseptics 
on the control of this organism. The fungus was immersed for 30 minutes 
in an aqueous solution of the antiseptic and transferred to sterile carrot 
decoction, in which, if it were still viable, it grew readily. The results 
are summarized in Table III. 


Tablb III .—Effect of antiseptics on the viability of Oospora lactis parasitica 


Antiseptic. 

Concentration of solu¬ 
tion. 

Subsequent growth 
in carrot decoction. 

Antiseptic. 

(“) ' 

(“) ' i 
I 

I ; 

j Water. 

Chlorid of lime. 

40 

(«) 

400 

(«) 

5, 000 
300 

None. 

Considerable. 

None. 

Good. 

None. 

Do. 

Abundant. 

Potash alum. 

Potassium permanganate. 

Copper sulphate. 

Mercuric chlorid. 

Formaldehyde, 37 per cent. 

Water. 





a Saturated. 


Immersing the fungus for 30 minutes in an aqueous solution of chlorid 
of lime t :40, potassium permanganate 1:400, formaldehyde (37 percent) 
11300, or mercuric chlorid 1:5000, prevented its subsequent growth, but 
a similar treatment with a saturated solution of potash alum or copper 
sulphate was ineffective. The resistance of this fungus to copper sul¬ 
phate—a fungicide of wide use—^is surprising. Although the experi¬ 
ments with this treatment were repeated several times, only negative 
action was obtained. 

Some experiments were also made on the use of the antiseptics as 
washes. Tomato fruits varying in maturity from green to ripe were 
lightly pricked in several places and submerged for 5 minutes in an 
aqueous suspension of Oospora spores, then drained, washed in an anti¬ 
septic solution for 30 minutes, and placed in moist chambers. From 20 
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to 40 pricked fruits, 8 unpricked fruits, and a number of controls equal 
to iJie number of treated fruits were used in each treatment. The results 
are summarized in Table IV. 


Tabi<0 IV. —Effect of washing green to ripe tomato fruits for jo minutes in an antiseptic 

to control watery-rot 


Fungictde. 

Strenffth of 
solution; 

parts 
antiseptic 
to water. 

Pricked 

fruit 

infected 

6 days 
after 

treatment. 

Unpricked 
fruit 
infected 
la days 
after 

treatment. 

Potash alum. 

1:50 

1:40 

1:50 

1:40 

1:300 

1:240 

Per cent. 

31 

30 

20 

14 

30 

22 

57 

Per cent. 

25 

Do. 

Chlorid of lime. 


Do. 

laK 

0 

0 

37K 

Formaldehyde (37 per cent). 

Do. 

Control. 




The percentage of infected fruits is higher in the pricked than in the 
unpricked series. Moreover, it is higher than in shipped fruits. As 
shipped fruits usually become infected through the stem scar instead of 
through the epidermis, they are probably comparatively free from 
punctures and therefore compare more nearly with the unpricked series. 
Formaldehyde and chlorid of lime (calcium hypochlorite) caused con¬ 
siderable reduction in the percentage of infected fruits. It is quite 
likely that sodium hypochlorite, which is a cheap convenient solution, 
would give more effective results than chlorid of lime. As the latter 
is partly insoluble it should, if used on a commercial scale, be dissolved 
in a separate tank so the clear liquid can be drawn off for use, or dissolved 
in'a washing tank having a removable perforated sheet a few inches above 
the bottom to prevent the solid particles from adhering to the fruits. 

The lower effectiveness of these antiseptics in the presence of fruits as 
compared with their effect on free spores (Table III) is probably due to 
chemical reaction of the germicides with substances on the surface of the 
fruits, which reduces their strength. 

The economical use of a fungicide for washing tomato fruits should not 
be measured by its effect on a single rot, for if it controls one, it will give 
at least partial control of several others that cause heavy loss during 
shipment. The selection of a solution for this purpose should therefore 
be based on its control of this whole group of rots as well as on its cheap¬ 
ness and ease of handling. 

SUMMARY 

(1) A new rot of tomato fruits, closely resembling the rot caused by 
Bacillus carotovorus, has been common since the spring of 1921 in tomatoes 
shipped from the Gulf States. It is also prevalent in the vicinity of 
Arlington, Va., and Washington, D. C. 

(2) The rot is characterized by dark-colored water-soaked areas which 
start in the stem scar and spread slowly toward the blossom end of the 
fruit without the production of a pronounced odor. 

(3) The causal organism is a physiological form of Oospora lactis, 
which, though incapable of penetrating the epidermis, usually enters the 
fruits through the stem scar, but may enter through any place not cov- 
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ered by the cuticle, such as wounds, cracks, and punctures. It shows a 
little preference for ripe fruits, but infects green fruits quite readily. It 
invades the cells, destroys their protoplasmic contents, and causes loss 
of cell coherence through a slow dissolution of the middle lamellae of the 
cell walls. 

(4) The minimum temperature for the germination of its spores, 
growth of its mycelium, and its infection of tomato fruits is approxi¬ 
mately 2° C., the optimum 30°, and the maximum between 37.5° and 
38 - 5 °- 

Immersing the fungus spores (cells) in an aqueous solution of an anti¬ 
septic for 30 tninutes and transferring them to sterile carrot decoction 
had the following effects on their viability; Chlorid of lime i; 40, potas¬ 
sium permanganate i; 400, formaldehyde (37 per cent) 1:300, and mer¬ 
curic chlorid 1:5,000, no growth; potash alum or copper sulphate in 
saturated solution, considerable growth. The percentage of tomato 
fruits infected after inoculation with this fungus was considerably re¬ 
duced by washing them for 30 minutes in an aqueous solution of chlorid 
of lime 1:40 or formaldehyde (37 per cent) i: 240. It would seem from 
these results that an effective wash could be developed for the control of 
a large number of these rots during shipment. 
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PLATE I 


Sections of a 2-day-old spot of a green tomato fruit affected by watery-rot {Oospora 
laciU parasitica. 

A.—^Masses of the fungus lying on the surface unable to penetrate the cuticle. 

B- 0 .—Consumption of the protoplasm by the fungus; B~C, early stages; D, medium 
early stage; E-O, late stages. 

H. —Cells beginning to lose their coherence after destruction of their protoplasm. 

I. —^A more complete stage of cell separation than shown in H. 

J. —^Very late stage. Protoplasmic contents completely destroyed; cells free; walls 
thm, irregular, and inconspicuous. 
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PLATB a 


Sections of a tomato fruit infected by Bacillus carotovorus, 

A.—Early stage of invasion; bacteria confined to the intercellular spaces. 

B~D.—Medium early stages. B~C.—Intercellular spaces enlarging through disso¬ 
lution of the middle lamellae of the adjoining cell walls; bacteria beginning to invade 
the cells. 

D. —Cells losing their turgidity and coherence; middle lamellae dissolved. 

E. —Bacterial invasion of a firmly attached cell. 

F~H.—Late stages. Cells occupied by the bacteria. 



PI.ATE 3 

Oospora lactis paraHtica 

A~D.—Types of branches. A.—Short branches which arise near the septa at an 
angle of about 45° with the filament and break up into more or less rounded, irregu¬ 
larly shaped cells which function as spores. B~D.—^Long branches which bear 
lateral branches of type A, but also break up into numerous cells capable of imme¬ 
diate germination. 

E-F.—Segmented branches of type A; also early stages in the segmentation of the 
central filament. 

G. —Order of segmentation in branch of type A. 

H. —^Highly maj^ified detached cells of lateral branches and central filament. 

I-M.—Germinating detached cells. 

N~T.—Penetration of irres^ar, wavy, somewhat separated walls of partly destroyed 
cells by tips of growing hyphae. 

U. -^lls of tomato fruit tissue containing hyphae surrounded by digestion 
vacuoles. 

V. —Penetration of the cell wall of a tomato fruit cell by a germinating spore, (o) 
Germinating spore. (6) Cell wall, (c) Hole made in the wall by the germ tube. 
Somewhat diagrammatic. 



Watery-Rot of Tomato fruits 


Plate 3 
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PI.ATE 4 


A. —Watery-rot of tomato fruits produced by Oospota laciis parasitica. The fruits 
were inoculated in needle punctures below the stem scar and kept in a moist 
atmosphere. 

B. —Halved potato tubers, (o) Inoculated with Oospora laciis parasitica; (6) inocu¬ 
lated with Bacillus carotovorus. 

C. —Halved carrot roots, (a) Pricked with a sterile needle; (6) inoculated with 
Oospora laciis parasitica isolated from watery-rot lesions of tomato fruit. 




INFLUENCE OF THE ABSOLUTE REACTION OF A SOIL 
UPON ITS A20T0BACTER FLORA AND NITROGEN 
FIXING ABILITY^ 

By P. L. Gainbv 

Professor of Bacteriology, Kansas Agricultural Experiment Station 
INTRODUCTION 

In a preliminary report the writer (^)* called attention to the appar¬ 
ent close correlation existing between the absolute reaction of a soil 
extract and the presence of Azotobacter in the soil. The data presented 
in this report showed that when the hydrogen-ion concentration of the 
soil extract exceeded i X io“* the soil, with very few exceptions, failed 
to initiate the growth of Azotobacter when introduced into a suitable 
mannite culture solution. On the other hand, when the hydrogen-ion 
concentration of the soil extract was less than i X lO"* similar cultures 
almost always developed typical Azotobacter films. The data, though 
meager, indicated that the maximum hydrogen-ion concentration en¬ 
dured by Azotobacter in soils was near that represented by a Ph of 6. 

In the preliminapr report only 90 soils were examined and the hydro- 
geh-ion concentration of the soil extract was determined by the Clark 
and Lubs colorimetric method as modified for soils by Gillespie (7). 
Some investigators place little credence in the colorimetric metiiod for 
determining hydrogen-ion concentrations, particularly in a medium as 
complex as a soil extract. Gillespie, however, found only slight differ¬ 
ences in the hydrogen-ion concentration of soil extracts determined by 
this method and in suspensions of the same soils determined electro- 
metrically. Since the publication of the preliminary report 418 soils 
from widely varying localities and conditions have been subjected to 
similar examinations, the resulting data being the basis of this paper. 
The hydrogen-ion concentration of these soils has been determined 
colorimetrically upon an extract and electrometrically upon a suspension 
of the soil. 

The soils of Series I were collected within a few miles of the station 
either by the writer or one of his assistants. These soils represent 
practically all types and conditions of soil found in this immediate 
vicitiity. Those of Series II were also collected near the station and in 
many instances at or near the point where soils of Series I were taken. 
These collections were made 2 years later to serve as a control on the 
first examinations. Where soils are duplicates of fcn-mer samples, it 
has been indicated in Table VII by recording the former numbers. The 
soils of Series III were collected, as indicated in Table IX, from different 
counties in the State of Kansas by the county agents. Sterile con¬ 
tainers were sent out and requests were made to collect soils representa¬ 
tive of conditions in the area covered. The directions called for remov¬ 
ing the inch or two of surface soil and collecting from at least four points 
within a short distance of each other in order to obtain as far as possible 
a representative sample of the immediate area. In Series IV the soils 

' Accepted for publication Jan* 22 , 1923. Contribution No. 51, Department of Bacteridlogyt Kansas 
Acricultund Experiment Station. 

* Reference is made by number (italic) to ** Literature cited,*' p. 937-938. 
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were obtained from a number of different States. These were secured, 
in most instances, through the various experiment stations. The 
collector was requested to send samples, where possible, from alkaline 
or limed, and acid or unlimed, adjacent soils. 

METHODS 


Soon after the soils reached the laboratory they were well mixed and 
four 300 cc. Erlenmeyer flasks containing 50 cc. of mannite cultural 
solution were inoculated from each soil. Ten cubic centimeters of a 
suspension prepared by shaking i part of soil with 2 parts of sterile 
water was used as an inoculum. The sus^nsion was allowed to stand 
a few minutes to let the heavier soil particles settle out. Two of the 
cultures were immediately sterilized in the autoclave to act as controls 
on total nitrogen determinations. 

The culture medium employed had the following composition: 


Mamesium sulphate. 

Di-basic potas»um phosphate 

Sodium chlorid. 

Feme dilorid. 

Calcium chlorid.. 

Mannite. 

Distilled water . 


0.2 gm. 
0.2 gm. 


0.5 gm. 

Trace. 

Trace. 


20.0 gm. 
1,000.0 cc. 


This medium was rendered slightly alkaline to phenolphthalein with 
sodium hydroxid. In all experiments, except those reported in Table 
V, a small quantity of sterile calcium carbonate was added to each cul¬ 
ture flask before inoculating. In all cases the cultures were incubated 
at room temperature for 3 weeks, after which total nitrogen determina¬ 
tions were made according to the modification of the Kjeldahl method 
suggested by Latshaw (/o). The quantities of nitrogen reported repre¬ 
sent the average of duplicate cultures after deducting the average of 
duplicate controls. 

During the incubation period frequent examinations were made both 
macroscopically and microscopically, to ascertain the character of the 
growth. When “no film’’ is reported, no growth resembling Azoto- 
bacter took place during the first two weeks of incubation. After 
approximately 2 weeks of incubation a heavy fungus growth usually 
appeared, especially where no Azotobacter growth, or a nontypical 
.A^tobacter film developed. After the development of a fungus film 
the growth became so complex that it was difficult to detect Azoto¬ 
bacter either macroscopically or microscopically. Such was the ap¬ 
pearance of those cultures in which Azotobacter is reported as questiona¬ 
ble. It is believed that the results would have been more consistent 
and striking if incubation had been reduced to 2 weeks. This would 
have avoided, to a large extent, the complications arising from the 
growth of fungi. 

The microscopic examinations were made by placing on a slide a loop 
of that part of the surface growth which appeared most characteristic 
of Azotobacter, covering witii cover glass, and examining wiffi the 1/6 
objective. If typical Azotobacter were present in appreciable numbers, 
the picture was so striking as to be almost unmistakable. If Azotobacter 
are not present in a soil in sufficient numbers and vigor to develop a visi¬ 
ble film or to produce sufficient growth to be observed microscopically by 
the methods employed, it is questionable whether they are of any sig¬ 
nificance in the nitrogen economy of a soil. 
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In this examination of soils for Azotobacter it will be noted that three 
methods of detecting their presence were employed—the formation of a 
film, the microscopic examination, and the quantity of nitrogen fixed. 
Under the heading “Azotobacter” in Tables V, VII, IX, and XI a + 
(plus) sign has been placed where, in the opinion of the writer, the major 
evidence indicated the existence of a vigorous Azotobacter flora in the 
oripnal sample of soil and a — (minus) sign where the evidence did not 
indicate the presence of a vigorous Azotobacter flora. 

The colorimetric hydrogen-ion determinations were made by the 
Clark and Lubs method as modified for soils by Gillespie. The soils were 
ground to pass a 40-mesh sieve and a weighed quantity mixed with five 
times its weight of water, shaken well and centrifugalized until the super¬ 
natant liquid was practically clear. The water used in the preparation of 
the soil extract and suspension was freshly distilled from a mixture of 
sulphuric acid and {wtassium dichromate into a flask containing barium 
hydroxid. From this it was distilled into a third empty flask and again 
distilled. The Ph of water thus obtained was from 5.7 to 6.0 and was 
affected by the minutest trace of acid or alkali. All glassware coming in 
contact with the soil extract was washed in this water. Buffer solutions 
were prepared according to Clark and Lubs (r) and were checked, and 
adjusted if necessary, at frequent intervals on a Leeds and Northrup type 
K potentiometer. 

Electrometric hydrogen-ion concentrations, or differences in potential 
between the soil solution and the hydrogen electrode, were made by 
using a Leeds and Northrup type K potentiometer in connection with 
saturated KCl —calomel and hydrogen electrodes similar to the one 
described by Hildebrand (9). TTie ratio of soil to water used was the 
same as employed in colorimetric determinations; i. e., i to 5. Six hydro¬ 
gen electrodes were connected by switches to the potentiometer so that 
six samples could be run at the same time. Hydrogen was bubbled 
through the cells continuously at a rather rapid rate, the cells being con¬ 
stantly shaken. A maximum difference in potential was usually recorded 
in 10 to 30 minutes, after which the difference decreased very slowly. The 
length of time required to reach the maximum reading apparently depended, 
other things being equal, upon the rate of flow of hydrogen. The influence 
of the rate of flow of hydrogen upon the length of time necessary to obtain 
maximum difference of potential is illustrated in the data presented in 
Tables I and II. Neutral or alkaline soils usually required a longer time 
to reach the maximum difference in potential, and the agreement between 
duplicates was not, as a rule, as close as it was with acid soils. 

Tablb I .—Time required for electrodes to record maximum difference in potential; hydro¬ 
gen passed over electrodes slowly {readings recorded as millivolts) 



• Maximum readint< 
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Table II .—TimeJrequired for electrodes to record maximum difference in potential; 
hydrogeit passed over electrodes rapidly (readings recorded as millivolts) 


74. 

74. 

75- 

75- 

76. 

76. 

24. 

24. 

26. 

26. 

28. 

28. 

209 

209 

210 
210 
191 

191 

192 
X92 
265 
265 
166 
166 

38. 

38. 

8 .. 

8 ., 


SoUNo. 


Time (in minutes). 


678 

668 

674 

670 

583 

590 

648 

630 

662 

66s 

690 

682 

576 

5 3 5 
540 

536 


S7S 

S6S 

556 

525 

548 

548 


688 

681 

683 

68s 

587 

59* 


S 74 

570 
“ 546 
546 


IS 


o 691 
680 
«688 
688 
586 
591 
"*675 
a 667 
“ 670 
« 670 
690 
680 
573 
® 577 
546 

“SSo 
a <62 

564 

o 56a 
560 
“ SIS 
“SIS 


690 
a 682 
688 
690 
S8S 
S 90 


»s 


588 

S86 

563 

SS7 

582 

577 


690 
682 
688 
a 692 
S84 

S88 

674 

664 

666 

670 

686 

«688 


S6a 

S66 

560 

S64 

SIS 

SIS 


30 


SI4 

S14 

S86 

S84 

S6a 

S6i 

S84 


35 


560 

S64 

SS 8 

S64 


S6a 

S6o 

S8S 

“S8S 


a Maximum reading. 

The platinum electrodes used were coated with platinum black and 
tested on a standard acetate solution before using. Several determina* 
tions could usually be run with one coating of platinum black. Dupli¬ 
cate samples of soil were always run and as a rule the results agreed 
within 10 millivolts. If the disagreement were much greater than this, 
the sample was again run. Sharp and Hoagland (ij) state that " Dupli¬ 
cate determinations on soil suspension usually agreed within o.oi to 0.02 
volt.” Plummer (rr) says “Duplicate readings on the same sample 
of soil could easily be read to 0.02 volt, ” while “ It was almost impossible 
to get such closely agreeing results as 0.02 volt with different samples 
of the same soil.” Tlie data presented in Tables I, II, III, and IV 
illustrate the millivolt readings of duplicate samples run on different 
electrodes. In Table IV are shown the millivolt readings of samples of 
the same soil run on different dates and also the slight effect upon the 
reading of varying the ratio of soil to water. 
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Table III .—Effect on electrode readings of varying the method of saturating the electrode 
and suspension with hydrogen 



Hydrogen run over electrode continuously. 

Soil No. 

Electrode number— 


X 

a 

.1 

4 

5 

Average. 

401. 

615 

608 

595 

601 

619 

60S 

362. 

557 

550 i 

552 

553 

554 

553 

378 . 

542 

544 1 

541 

541 

338 

541 

377 . 

545 

542 

, 549 

541 

551 

546 




1,000 cc. hydrogen run over electrode. 


Soil No. 



Electrode number— 




I 

2 


4 

5 

Average. 

401 . 

“ 597 

« 611 

" 611 

« 615 

61I 

609 

762 . 

550 

550 

550 

550 


550 



378. 

543 

542 

530 

540 

538 

539 

377. 

550 

“ 530 

" 537 

“538 

554 

542 


1,000 cc. hydrogen run over electiodc, then run continuously. 

Soil No. 



Electrode number— 




1 

a 

3 

4 

5 

Average 

401. 

629 

620 

622 

624 

614 

622 

762 . 

553 

553 

557 

555 


554 



378. 

543 

543 

533 

543 

530 

538 

377 . 

555 

554 

550 

552 

552 

553 


“ These samples apparently did not have sufficient hydrogen passed through to saturate the electrode and 
suspension, as is evidenced by the increased reading v-hen further passage of hydrogen took place. 

Table IV .—Difference in potential of same soil determined on different dates,^effect of 
varying ratio of soil to water, and variations in difference in potential as determined 
with five different electrodes • 






Electrode number— 



Soil No. 

Ratio of soil to 







water 









I 

i 

a 

3 

4 

5 

1 Average 







1 


390 “. 

I to s. 

534 

544 

541 

539 

532 

\ 537 

390 ®. 

1 to 5. 

538 

540 

539 

532 

536 

537 

369. 

I to 5. 

678 

679 

677 

678 

676 

678 

395 . 

I to 5 . 

530 

528 

528 

528 

529 

529 

395 . 

I to 10. 

536 

533 

536 

536 

539 

536 

387. 

I to 5. 

493 

494 

493 

493 

493 

493 

387. 

I to 10 . 

495 

494 

494 

495 

494 

494 

384. 

Ito 5. 

650 

653 

650 

652 

652 

651 

397 . 

I to 5. 

563 

566 

567 

566 

566 

566 


^ May 31. 


« April 5. 
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In converting volt readings into Ph use has been made of the tables 
prepared by Schmidt and Hoagland (12) adding 91 millivolts to the 
readings to convert them into N/10 KQ-calomel electrode readings. 
Seme investigators regard the difference in potential between saturated 
and N/io KCl-calomel electrodes to be of a value other than 91 millivolts. 
To convert the Pa values here recorded into those of any other difference 
in potential between saturated and N/io KCl-calomel electrodes, it is 
only necessary to add or subtract, as the case may be, 0.017 from the 
figure here recorded for each millivolt above or below 91. All determina¬ 
tions were made at room temperature, and Schmidt and Hoagland 
temperature correction factors were used to convert room temperature 
readings into 25° C. readings. 

Hych-ogen was purchased in cylinders and washed through a saturated 
solution of mercuric chlorid, alkaline potassium permanganate solution, 
alkaline pyrogallic acid solution, and distilled water before entering the 
hydrogen electrode cell. The connection between the calomel and 
hydrogen electrodes was made through a glass stopcock. The end of 
this immersed in the soil suspension was drawn out to a capillary opening 
and the cock was kept closed during the determination. Between 
successive determinations, however, the connection was refilled with 
fresh saturated potassium chlorid. 

RESULTS 

Data relative to the type of growth and the quantity of nitrogen fixed 
in culture media inoculated from soils, together with the absolute reaction 
of the soil extract determined colorimetrically and the soil suspension 
determined electrometrically of 418 soils, are recorded in Tables V, VII, 
IX, and XI. In Tables VI, VIII, X, and XII some of the data have 
been rearranged to show the possible association, or correlation, exist¬ 
ing between the hydrogen-ion concentration of the soil solution and 
the presence or absence of Azotobacter in the soils. In these various 
tables under the heading “ Azotobacter ” a -F (plus) sign has been recorded 
to indicate the presence of Azotobacter and a — (minus) sign to indicate 
the absence of Azotobacter in the soils. These data are not absolute. 
Sometimes it was very difficult to differentiate between the presence or 
absence of Azotobacter, There are a few instances where an Azotobacter 
film developed in only one of duplicate samples, or where either 
the film or Azotobacter cells were questionable, accompanied by poor 
fixation of nitrogen, that Azotobacter have been recorded as absent. 
On the other hand, there are a few instances where similar conditions 
were accompanied by good fixation of nitrogen that have been recorded 
as containing Azotobacter. An effort has been made to weigh the 
evidence in questionable cases as carefully as possible and record 
Azotobacter as present if it were believed that the data indicated the 
presence of an active Azotobacter flora, and as absent if the available 
data did not indicate the presence of su^ a flora. 

It should be borne in mind that the diance for contamination of 
Azotobacter free soils with Azotobacter was not entirely eliminated. 
Especially was this true in Series III and IV, for nearly all of the soils 
in tli^e two series were collected by men inexperienced in bacteriological 
technic and were shipped long distances. Sometimes one or more of 
the individual containers were broken open upon arrival at the laboratory. 
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Even in the laboratory the possibility of contamination could not be 
entirely eliminated. What influence such contamination may have had 
upon the development of Azotobacter from soils that normally con¬ 
tained no Azotobacter is not known. 

Again, it has been shown (j) that Azotobacter can exist for varying 
lengths of time in soils that will not support them indefinitely. Under 
natural conditions, if Azotobacter exists in the proximity of soils not 
containing them, almost constant inoculation due to wind, rain, animals, 
cultivation, etc., is inevitable. The length of time that such introduced 
organisms may remain in a viable condition apparently depends upon 
the intensity of the unfavorable influences. It is, therefore, highly 
probable that Azotobacter may frequently be isolated from soils in which 
they will not function or even exist for a very long period. 

On the other hand, little is known as to how many Azotobacter are neces¬ 
sary to initiate the development of a visible film in laboratory culture 
media. Unpublished data indicate that appreciable numbers are essential 
to the development of a characteristic film. Also, nothing is known as to 
how rapidly they may disappear from a sample of soil removed from its 
natural environment. It is possible, therefore, that Azotobacter may be ' 
present in relatively large numbers in a soil and escape observation by 
the methods employed in these investigations. 

In comparing the reaction with the presence or absence of Azotobacter, 
and in obtaining a mathematical expression for this association or 
correlation (the association coefficient), the soils have been divided into 
two groups; those with a Pn of 6.0 or above and those more acid than 
Ph 6.0. This division point has been chosen more or less arbitrarily, 
though the data here presented indicate that it is not far from absolute. 
The association coefficient was obtained by the use of Yule’s (14) asso¬ 
ciation coefficient formula, as mentioned elsewhere (5). Associa¬ 
tion coefficients have been calculated both from the data secured by 
the colorimetric and the electrometric Ph determination. In analyzing 
the data presented here it will perhaps be best to examine those from each 
series of soils separately. 

SERIES I 

The data secured from an examination of the soils of Series I are pre¬ 
sented in Table V, rearranged in part in Table VI, and summarized below. 
These soils together with those of Series II are all local soils and were, 
perhaps, collected and handled with more care than those of Series III 
and IV. Samples i to 19 were lost through error before the electrometric 
hydrogen-ion determinations were run. However, in the following sum¬ 
mary die electrometric Ph of samples No. i, 4, 5,14, and 15 have been re¬ 
garded as above Ph 6.0 and all other soils below No. 20 as more acid 
than Ph 6.0. These 19 soils could not be considered in obtaining Ae 
numerical average of colorimetric Ph- Likewise samples 85-90, for which 
no quantitative nitrogen determinations were made, were omitted from 
the calculations for average nitrogen fixed. 
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Table V .—Type of growth^ nitrogen fixed, and reaction of soils of Series . 


Soil 

No. 

Type of film. 

Microscopic picture. 

Nitro¬ 

gen 

fixed. 

Axoto- 

bacter. 

Pa 

colori¬ 

metric. 

Ph 

electro¬ 

metric. 

X. 

Typical Azotobacter... 

Typical Azotobacter.... 

Mgm, 

10.3 

+ 

6.9 


a. 

None. 

No Azotobacter. 

a.o 


5*4 


3 . 


.do. 

3 *€> 

— 

S-6 


4 . 

T3rpical Azotobacter... 

Typical Azotobacter.... 

6.8 

+ 

6.9 


5 . 

.do. 


5*4 

+ 

7*1 


6. 

None. 

No Azotobacter. 

44 


5*7 


7 . 



4-4 

— 

5*7 


8. 

.do. 


4.6 


5*6 


9 . 

.do. 

.do... 

4.7 

— 

5*5 


10.... 


.do. 

—0.6 

— 

5*6 


II.... 



1-7 

— 

S-8 


xa.... 

.do. 


4.5 

— 

5*9 


13 •• 



3*2 

— 

S-6 


14.... 

Typical Azotobacter... 

Typical Azotobacter.... 

8-5 

+ 

7*4 


IS-.. 

.do. 

.do. 

10*3 

+ 

7*4 


16.... 

None. 

No Azotobacter. 

4*0 

— 

S-6 


17.... 


.do. 

30 

— 

5*5 


18.... 


.do. 

3*7 

— 

S-6 


19.... 



4.5 

— 

5*7 


ao..., 

.do. 


4*7 

— 

5*4 

5*10 

ai.... 



4.7 

— 

5-6 

505 

aa.... 



4.7 


5-6 

S-ar 

23.... 



4.7 

— 

5*6 

5*10 

a 4 .... 



4*2 

— 

5*6 

4.90 

25.... 

Typical Azotobacter.,. 

Troical Azotobacter.... 

6.4 

+ 

7.0 

6-45 

a6.... 

.do. 

.do. 

9.9 

+ 

6.6 

6.13 

27.... 



75 

+ 

6.1 

5.88 

a8.,.. 

.do. 

.do.... 

9*5 

+ 

6.2 

S-86 

29.... 



8.8 

+ 

7.6 

7.27 

30.... 

None. 

No Azotobacter. 

4.1 

— 

5.6 

5-39 

3 i-.. 

Typical Azotobacter... 

Typical Azotobacter.... 

10.6 

+ 

7*5 

7.71 

3a.... 

None. 

No Azotobacter. 

5*6 

— 

5*9 

.S -85 

33.... 



4*0 

— 

6*7 

6.36 

34 -•.• 



4*5 

— 

6.8 

6.74 

35 --- 

Typical Azotobacter... 

Typical Azotobacter.... 

6.8 

+ 

7.6 

7.6a 

36.... 

....do. 


9.2 

+ 

6.0 

6.12 

37 --- 

None. 

No Azotobacter. 

S -4 

— 

6.2 

6.07 

38.... 

Nont^rpical ®. 

Azotobacter present«... 

3*9 

— 

5*6 

5*59 

39 -* • 


8.6 

+ 

6.x 

6.05 

40.... 

.do. 


8.1 

+ 

7.0 

6.7a 

41.... 

.do. 

Typical Azotobacter.... 

7.6 

+ 

6.0 

5-98 

42.... 



8.3 

+ 

7*4 

7-os 

43 -*. 

typical Azotobacter... 

.do. 

9.6 

+ 

7*7 

8.75 

44... 

Nont3rpical. 


9.9 

+ 

7*5 

7.71 

45 * • 

Typical Azotobacter... 


xo.x 


7*4 

7 - 4 S 

46.... 

None. 

No Azotobacter. 

x.o 


5*9 

6.03 

47 -... 

Typical Azotobacter... 

Typical Azotobacter.... 

10.0 

+ 

7*4 

7 -Sa 

48.... 

Nontypical. 

.do. 

6.6 


6.4 

6.sa 

49 * •• 

None. 

No Azotobacter. 

2.7 

— 

5*5 

5.03 

SO.... 

.do. 


4.0 

— 

5.8 

S- 3 a 

51.... 


.do. 

3*2 

— 

5*3 

S- 4 t 

52.... 

Nontypical. 

Azotobacter present.... 

5*5 

+ 

7*3 

7.27 

53 --- 

Typical Azotobacter... 

Tppical Azotobacter.... 

9*0 

+ 

7*7 

7-79 

54 ... 

Nontypical. 

.do. 

i 7*4 

.+ 

6.0 

6.18 

5 S-*-- 

T3rpical Azotobacter... 


i ^-7 

+ 

7*5 

7-50 

56 .... 

Nontypieal. 

.do. 

7*2 

+ 

7*4 

7.18 


Tvnical Azotobacter... 

.do. 

! 7.6 

+ 

7.*; 

1 7.^0 

a Pb not determisod dectrametricnlly. 
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Tabi^S V .—Type of growth, nitrogen fixed, and reaction of soils of Series /—Continued 


Soil 

No. 


58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 


Type of film. 


None. 

Typical Azotobacter. 

None. 

_do. 

Typical Azotobacter. 

_do. 

_do. 

None. 

_do. 

_do. 

Nontypical. 

None. 

Typical Azotobacter. 
Nontypical. 

None. 

Nontjrpical ^ . 

Typical Azotobacter. 

Nontypical«. 

None. 

Nontypical. 

Typical Azotobacter. 

Nontypical. , .. 

Typical Azotobacter. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


Microscopic picture. 


No Azotobacter. 

Typical Azotobacter.... 

No Azotobacter. 

.do. 

Typical Azotobacter.... 

.do. 

.do. 

No Azotobacter. 

.do. 

_do. 

Typical Azotobacter.... 

No Azotobacter. 

T3pical Azotobacter.... 

_do. 

_do. 

No Azotobacter. 

Typical Azotobacter «.. 

_do. 

_do G. 

No Azotobacter. 

Typical Azotobacter.... 

_do. 

Azotobacter present.... 
Typical Azotobacter.... 

_do. 

—do. 

....do. 

-do. 

_do. 

-do. 

_do. 

.. do. 

-do. 


Nitro- 

jren 

fixed. 


Mgm. 

4.0 

10.6 

4.6 
3*7 
7-3 

II.o 

8.3 

5-2 

3.8 
4.1 

6.9 

4.1 

8.7 

6.9 

6.8 

4.5 

8.1 

6.1 
3-4 
4*2 
5*5 

7.6 
9.2 

9.6 
8.0 

9.9 
9-5 


Azoto¬ 

bacter. 


+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 


Ph 

colori¬ 

metric. 

Pb 

electro¬ 

metric. 

5-5 

5-46 

7*4 

7-49 

5.8 

5-73 

5-5 

S-Si 

7-5 

7-S5 

7-4 

7-43 

6.1 

6-35 

5-7 

S-94 

5-7 

5.81 

5-5 

S-S* 

6.1 

6.05 

5.6 

S-19 

6.8 

6-93 

5.6 

S.6i 

7.0 

6.7a 

5 9 

5-88 

7-4 

7.35 

7-5 

7-30 

5-5 

5-63 

5-6 

S34 

7-7 

7-S4 

7-7 

8.48 

7.6 

7 84 

7-4 

7-77 

7-7 

7.60 

7.6 

772 

7-5 

7-47 

7-5 

7.62 

7-5 

7.60 

7.8 

7-59 

6.9 

6.88 

7-5 

7.76 

7-3 

7.06 


• Pb not detennined electrometrically. 
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Tabi,s VI .—Correlation between reaction and presence of Azotobacter in soils of Series I 


Ph determined electrometricaliy. Ph determined colorimetricnily. 


Soil No. 

Pk. 

Azoto¬ 

bacter. 

Soil 

No. 

Ph. 

Azoto¬ 

bacter. 

Soil 

No. 

P*. 

Azoto¬ 

bacter. 

Soil 

No. 

Pk. 

Azoto¬ 

bacter. 

43 . 

8.7s 

+ 

46... 

6.03 


87... 

7.8 

+ 

37.. 

6.2 


79 . 

8.48 

+ 

41... 

5-98 

+ 

43 •• 

7*7 

+ 

27.. 

6.1 

4- 

8o. 

7.84 

+ 

65... 

5*94 

— 

53 -•• 

7*7 

+ 

39.. 

6.1 

4- 

53 . 

7*79 

+ 

27... 

5.88 

+ 

78... 

7*7 

+ 

64.. 

6.1 

4- 

8i. 

7*77 

+ 

73 * •• 

5.88 

— 

79... 

7*7 

+ 

68.. 

6.1 

4- 

89. 

7.76 

+ 

28... 

5-86 

+ 

82... 

7*7 

+ 

36.. 

6.0 

4- 

83. 

7.72 

+ 

32... 

S-8S 

— 

29... 

7.6 

+ 

41.. 

6.0 

4- 

31. 

7.71 

+ 

66... 

S.8I 

— 

35.•• 

7.6 

+ 

54 . 

6.0 

+ 

44 . 

7.71 

+ 

60... 

S *73 

— 

80... 

7.6 

+ 

12®. 

5*9 

— 

35 . 

7.62 

+ 

76... 

5-63 

— 

83... 

7.6 

+ 

33.. 

5*9 

— 

8s. 

7.62 

+ 

71... 

S.61 

+ 

31... 

7*5 

+ 

46.. 

5*9 

— 

86. 

7.60 

4 - 

38... 

SS 9 

— 

44 ... 

73 

+ 

73.. 

5*9 


82. 

7.60 

+ 

61... 

5.51 

— 

55 . •• 

7*5 

+ 

II®.. 

5-8 

— 

87. 

7-59 

+ 

S8... 

S -46 

— 

57... 

7.5 

+ 

SO... 

5-8 

— 

62. 

7-55 

+ 

SI... 

S- 4 I 

— 

62... 

7*5 

+ 

60... 

5-8 

— 

78. 

7-54 

+ 

30... 

5-39 

— 

75 ... 

7.5 

+ 

6®... 

5*7 

— 

47 . 

7*52 

+ 

77... 

5-34 

-- 

84... 

7.5 

+ 

7 «... 

5*7 

— 

55 . 

7*50 

+ 

so... 

5*33 

— 

85... 

7*5 

+ 

19®. . 

5*7 

— 

59 . 

7-49 

+ 

67... 

5.32 

— 

86... 

7*5 

+ 

65... 

5*7 

— 

^4 . 

7*47 

+ 

22... 

5-*7 

— 

89... 

7*5 

+ 

66... 

5*7 

— 

45 . 

7*45 

+ 

69... 

519 

— 

I 4 «.. 

7*4 

+ 

3 ®... 

5.6 

— 

63. 

7*43 

t 

20... 

S.io 

— 

15®“ 

7*4 

+ 

8«... 

5*6 

— 

57 . 

7*30 

+ 

23... 

5.10 

— 

42... 

7.4 

+ 

10®.. 

5.6 

— 

75 . 

7*30 

+ 

21... 

5.05 


4 S.** 

7*4 

+ 

13®.. 

5.6 

— 

39 . 

7.37 

+ 

49... 

503 

— 

47... 

7*4 

+ 

16®.. 

5*6 

— 

53. 

7.37 

+ 

24... 

4.90 

— 

56... 

7.4 

+ 

18®.. 

5*6 

— 

74 . 

7*35 

+ 




59 ..* 

7*4 

+ 

21... 

5*6 

— 

56. 

7.18 

+ 




63... 

7*4 

4- 

22... 

5*6 

— 

90. 

7,06 

+ 




74... 

7*4 

+ 

33... 

5*6 

•— 

43.. 

7*05 

+ 




81... 

7.4 

+ 

24... 

5.6 

— 

70. 

6.93 

+ 




57 ..* 

7*3 

+ 

30.. 

5*6 

— 

. 

6.88 

+ 




90... 

7.3 

+ 

38... 

5.6 

— 

34 . 

6.78 

— 




5 ®..* 

7.1 

+ 

69... 

5.6 

— 

40. 

6.72 

+ 




25... 

7.0 

+ 

71... 

5.6 

+ 

73. 

6.72 

+ 




40... 

7.0 

+ 

77... 

5*6 

— 

33 . 

6.56 

— 




72... 

7.0 

+ 

9 »... 

5*5 

— 

4 ®. 

6.52 

+ 




lO... 

6.9 

+ 

17 ®.. 

5*5 

— 

35. 

6-45 

+ 




4 «... 

6.9 

4- 

49... 

5*5 

— 

64. 

6.3s 

+ 




88... 

6.9 

4 - 

S8... 

5*5 

— 

54 . 

6.18 

+ 




34 . •• 

6.8 

— 

61... 

5*5 

— 

26. 

6.13 

+ 




70... 

6.8 

4 - 

67... 

5*5 


3 ^. 

6.12 

+ 




33.** 

6.7 

— 

76... 

5*5 

— 

37 . 

6.07 

— 




26... 

6.6 

+ 

2®... 

5*4 

— 

39 . 

6.05 

+ 




48... 

6.4 

4 - 

20... 

5*4 

— 

68. 

6.05 

+ 


. 


28... 

6.2 

4 - 

SI .*. 

5*3 



o Pk not determined electrometrically. 
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The following summary of Tables V and VI needs little explanation. 


Summary of Tables V and VI 


Number of soils examined. 

Number of soils containing Azotobacter. 

Number of soils not containing Azotobacter. 

Average mgra. nitrogen fixed, 84 soils. 

Average mgm. nitrogen fixed, 45 soils containing Azotobacter. 

Average mgm. nitrogen fixed, 39 soils not containing Azotobacter. 

Number of soils electrometric Ph 6.0 or above. 

Number of soils electrometric Ph below 6.0. 

Number of soils colorimetric Ph 6.0 or above. 

Number of soils colorimetric Ph below 6.0. 

Number of soils electrometric Ph 6.0 or above containing Azotobacter ... 
Number of soils electrometric Pn 6.0 or above not containing Azotobacter 

Number of soils elcterometric Ph below 6.0 containing Azotobacter. 

Number of soils electrometric Ph below 6.0 not containing Azotobacter .., 

Number of soils colorimetric Ph 6.0 or above containing Azotobacter_ 

Number of soils colorimetric Ph 6.0 or above not containing Azotobacter . 

Number of soils colorimetric Ph below 6.0 containing Azotobacter. 

Number of soils colorimetric Ph below 6.0 not containing Azotobacter ... 

Average electrometric Ph, 71 soils. 

Average colorimetric Pn» 90 soils. 

Average electrometric Phi 46 soils containing Azotobacter. 

Average electrometric Ph, 25 soils not containing Azotobacter. 

Average colorimetric Ph, 51 soils containing Azotobacter. 

Average colorimetric Ph, 39 soils not containing Azotobacter. 

Association coefficient based on electrometric Ph determinations. 

Association coefficient based on colorimetric Ph determinations. 


90 

51 

39 

6.25 

8.32 

3.86 

51 

39 

S3 

37 

47 

4 

4 

35 

SO 

3 


I 

36 

6.57 

6.50 

7.12 

S-57 

7.1a 

S-70 

0.98X 

0.997 


It will be observed that the number of soils more alkaline than Ph 
6.0 by either method and not containing Azotobacter and also the 
number more acid than Ph 6.0 contmning Azotobacter are few. There 
were only four soils by the electrometric and three by the colorimetric 
method with a Ph of 6.0 or above that did not contain Azotobacter. 
One of the electrometric Ph 6.0 or above soils (No. 46) not containing 
Azotobacter was more acid than Ph 6.0 colorimetrically, while soil 
No. 37 was only slightly more alkaline than Ph 6.0 by both methods. 
There were four soils with an electrometric and one with a colorimetric 
reaction more acid than Ph 6.0 recorded as containing Azotobacter. 
Three of these gave a reaction less acid than Ph 6.0 by one of the methods 
and the remaining samples did not give a typical Azotobacter growth. 


SERISS II 


In Table VII are recorded the data collected from the examination 
of the soils of Series II. Many of these soils were collected near the 
point where certain soils of Series I were taken and may thus be regarded 
as controls on the earlier examinations. In Table XIII are recorded in 
parallel columns the data secured from the two examinations. It will 
be noted that the data are quite similar even though two years inter¬ 
vened between the two analyses. Part of the data of Table VII are 
rearranged in Table VIII to show the possible association existing be¬ 
tween Ae presence of Azotobacter and the hydrogen-ion concentration 
of the soil solution. 
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Table VII .—Type of growth, nitrogen fixed, and reaction of soils of Series II 


SoU 

»»«>• SS* 


Type of film. 


Microscopic picture. gen colori> electro* 

fixed. metric. 


Typical Azotobacter. Typical Azotobacter. 

None. No Azotobacter. 

.do.do. 

Typical Azotobacter. Typical Azotobacter. 

.do.do. 

None. No Azotobacter. 

Typical Azotobacter. Typical Azotobacter. 

None. Azotobacter present. 

Typical Azotobacter. Typical Azotobacter. 

.do.do. 

.do.do. 

Nontypical Azoto- Azotobacter present, 
bactcr. 

Typical Azotobacter. Typical Azotobacter. 

Nontypical Azoto- .do. 

bactcr. 

Typical Azotobacter..do. 

... .do. .do. 

.do. ... .do. 

.do. do. 

.do. do. 

Nontypical Azoto- Azotobacter present. 
bacter. 

None. No Azotobacter. 

Nontypical Azoto- Azotobacter present. 
bacter.a 

Typical Azotobacter. Typical Azotobacter. 

.do. do. 

None. No Azotobacter. 

.do. do. 

.do. do. 

.do... . .do. 

Typical Azotobacter. Typical Azotobacter. 

. .. .do. do. 

None . No Azotobacter. 

Nontypical Azoto- Typical Azotobacter. 
bacter. 

Typical Azotobacter.do. 

None. No Azotobacter. 

Typical Azotobacter Typical Azotobacter. 

None. Azotobacter present. 

.do. No Azotobacter. 

.do. Azotobacter (?). 

......do.do(?). 

Typical Azotobacter. Typical Azotobacter. 


^ One sample. 
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Tabi^S VII .—Type of growth, nitrogen fixed, and reaction of soiU of Series II —Continued 


SoU 

No. 

Dupli¬ 

cate 

soil. 

Type of film. 

Microscopic picture. 

Nitro¬ 

gen 

fixed. 

Azoto¬ 
bacter. 1 

Ph 

colori' 

metric. 

Pa 

electro¬ 

metric. 





Mom. 




153 -• 


Nontypical Azoto- 

Azotobacter present. 

2 . 8 

— 

5*6 

S- 59 



bacter. 






154. • 


Typical Azotobacter 

Typical Azotobacter. 

8.3 

+ 

6. 0 

6. 17 



.do. 

.do. 

0. 7 

+ 

6. I 

6 1 A 

-*■ j j • 

i*?6.. 


None. 

No Azotobacter. 

y* / 

0. 6 



< 61 

157 •• 


Typical Azotobacter 

Typical Azotobacter. 

y. ^ 
8.0 

+ 

6. 0 

6. 27 

158.. 


Nontypical Azoto¬ 

Azotobacter present. 

8.1 

+ 

6. 2 

6. 51 



bacter. 






159 - 


Typical Azotobacter 

Typical Azotobacter. 

8-3 

+ 

7.8 

7 - 77 

160.. 


.do. 

... .do. 

10. I 

+ 

6. 2 

6. 89 







Table VIII .—Correlation between reaction and presence of Azotobocter in soils of Series II 


pH determined electrometrically. 

Ph determined colorimctrically. 



Azoto- 

Soil 


Azoto- 

Soil 


Azoto- 

Soil 


Azoto- 


Jth. 

bacter. 

No. 

Jra- 

bacter. 

No. 

ira. 

bacter. 

No. 

Ira. 

bacter. 

143. 

8. 77 

+ 

151.. 

6. 25 

+ 

143 • 

8. I 

+ 

155-• 

6. I 

+ 

145. 

7-94 

+ 

154.. 

6. 17 

+ 

142. . 

7.8 


116. . 

6. 0 

+ 

159 . 

7. 77 

+ 

152 - 

5 - 96 

+ 

159 - 

7.8 

+ 

151.. 

6. 0 

+ 

144. .. . 

7.72 

+ 

139 

5 -90 

+ 

129 . 

7.6 

+ 

152.. 

6. 0 

+ 

107. 

7. 70 

+ 

I16. . 

5 -90 

+ 

118.. 

7 - 5 

+ 

154.. 

6.0 

+ 

148. 

7.69 

+ 

II3.. 

5 - 85 

+ 

107. 

7-4 

+ 

157 •• 

6.0 

+ 

150. 

7 - 6s 

+ 

128.. 

5 - 78 

— 

no.. 

7-4 

+ 

123.. 

5-9 

+ 

149 •• • 

7. 62 

+ 

120. . 

5-68 

+ 

130.. 

7-4 

+ 

128. . 

5-9 

— 

no .... 

7. 61 

+ 

123.. 

5-64 

+ 

133 - 

7-3 

+ 

132. . 

5.9 

+ 

142. 

7. 59 

+ 

156.. 

5. 61 


144.. 

7-3 

+ 

112. . 

5-8 

+ 

130. 

7. 52 

+ 

153 - 

5 - 59 


148. 

7-3 


II4 

5-8 

+ 

141 . 

7.48 

+ 

114.. 

5 - 59 


150.. 

7-3 

-f 

120. . 

5-8 

4 - 

133. 

7. 45 

+ 

137- 

5 - S8 

— 

105.. 

7. 2 

+ 

122 . . 

5-8 

+ 

129 . 

7 - 30 

+ 

132.. 

5 - 54 


135 -• 

7.2 


I3I.. 

5-8 

— 

140. 

7-30 

+ 

122.. 

5 - 51 

+ 

141.. 

7.2 

+ 

137 - 

5-8 

— 

118. 

7. 28 

+ 

115.. 

5-51 

+ 

145.. 

7.2 

+ 

106. . 

5-7 

— 

135. 

7. 20 

+ 

112. 

5- 48 

+ 

104®. 

7 - I 

+ 

I 2 I. . 

5-7 1 

— 

146. 

7. 16 

+ 

108.. 

5- 48 

+ 

119.. 

7 - I 

“f* 

108. . 

5-6 

+ 

los. 

7. 08 

+ 

131.. 

5 - 47 

— 

149 * • 

7 - I 

+ 

113.. 

5.6 

+ 

124. 

7. 06 

+ 

103.. 

5-27 

— 

140.. 

7.0 

+ 

153 - 

5-6 

— 

147. 

7. 06 

+ 

106.. 

5. 25 

— 

124.. 

6.9 

+ 

125.. 

5-5 

— 

119. 

7. 00 

+ 

121.. 

5 - 24 

— 

146.. 

6.9 

! + 

126.. 

5 * 5 


160. 

6.89 

+ 

126.. 

5 - 19 

— 

147 - 

1 6.8 

+ 

127.. 

5.5 

— 

lOI. 

6. 71 

+ 

125.. 

5 - 15 

— 

lOI. . 

6. 7 

+ 

156. 

5-5 

— 

117. 

6. 56 

+ 

127.. 

5- 10 

— 

109.. 

6.6 

+ 

103.. 

5 - 4 

— 

158. 

6. 51 

+ 

138. 

5 -05 

— 

in.. 

6.6 

+ 

115.. 

5-4 

+ 

109. 

6.47 

+ 

134.. 

4.88 

— 

117.. 

6. 6 

+ 

134.. 

5-4 

— 

Ill. 

6.39 

+ 

136.. 

4.88 

+ 

139 • 

6. 2 

+ 

136.. 

5-4 

+ 

155. 

6.34 

+ 

102.. 

3*78 


IS8.. 

6. 2 

+ 

138.. 

5-4 

— 

157. 

6. 27 

+ 


1. 


160.. 

6. 2 

+ 

102.. 

5-0 



^ Pa not determined electrometrically. 
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In the following summary it may be observed that there were no 
soils more sdkaline than Ph 6.0 ^at did not contain Azotobacter. 
There were 13 soils with an electrometric and 10 with a colorimetric Ph 
below 6.0 that were recorded as containing Azotobacter. Only 5 of 
these produced typical Azotobacter film and 10 of the 13 gave a Ph of 
5.8 or above by one of the methods. It would appear from the data of 
^is series of soils that Ph 5-8 was nearer the absolute limiting hydro¬ 
gen-ion concentration than Ph 6.0. 

Summary of Tables VII and VIII 


Number of soils examined. 

Number of soils containing Azotobacter. 

Number of soils not containing Azotobacter. 

Average mgm. nitrogen fixed, 59 soils. 

Average mgm. nitrogen fixed, 45 soils containing Azotobacter. 

Average mgm. nitrogen fixed, 14 soils not containing Azotobacter. 

Number of soils electrometric Ph 6.0 or above. 

Niunber of soils electrometric Ph below 6.0. 

Number of soils colorimetric Ph 6.0 or above. 

Number of soils colorimetric Ph below 6.0. 

Number of soils electrometric Ph 6.0 or above containing Azotobacter . .. 
Number of soils electrometric Ph 6.0 or above not containing Azotobacter 

Number of soils electrometric Ph below 6.0 containing Azotobacter. 

Number of soils electrometric Ph below 6.0 not containing Azotobacter .., 

Number of soils colorimetric Ph 6.0 or above containing Azotobacter.. 

Number of soils colorimetric Ph 6.0 or above not containing Azotobacter . 

Number of soils colorimetric Ph below 6.0 containing Azotobacter. 

Number of soils colorimetric Ph below 6.0 not containing Azotobacter.... 

Average electrometric Ph. 59 soils. 

Average colorimetric Ph, 60 soils. 

Average electrometric Phi 45 soils containing Azotobacter. 

Average electrometric Ph, 14 soils not containing Azotobacter. 

Average colorimetric Ph, 46 soils containing Azotobacter. 

Average colorimetric Ph, 14 soils not containing Azotobacter. 

Association coefficient based on electrometric Ph determinations .. 

Association coefficient based on colorimetric Ph determinations. 


60 

46 

14 

8. 41 

9. 16 
6. 03 

33 

27 

36 

24 

33 

o 

13 

14 
36 

o 
10 
14 
6 37 
6-39 
6 . 73 
5 - 21 
6.65 

S- 55 
1.000 
1.000 


The above summary with a few minor exceptions is very similar to 
that for Series I. The most marked difference is in the average nitrogen 
fixed by the soils not containing Azotobacter, this being 3.86 mgm. for 
Series I and 6.03 mgm. for Series II. This difference is due to the much 
higher fixation of nitrogen by soils not containing Azotobacter in media 
containing calcium carbonate than in the media without calcium car¬ 
bonate. This fact has been emphasized in a former article (4). No 
calcium carbonate was added to the media employed in the examination 
of the soils of Series I, while an excess was added to the media in the 
examination of all subsequent soils. 


SBRIBS III 

The soils of Series III were secured through the county agents of Kansas 
and did not reach the laboratory in as fresh and possibly as uncon¬ 
taminated condition as did those collected locally. Samples 138 to 180, 
inclusive, reached the laboratory while the writer was in the Army and 
remained several months before being examined. It was believed that 
the quantity of nitrogen fixed by these soils would not be comparable 
to that of fresh soils, hence no nitrogen determinations were made. 
Possibly these soils should be disregarded entirely. The data secured 
from the examination of the soils of Siis series are reewded in Tables IX 
and X, and summarized below. 
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Table IX. —Type of growth^ nitrogen fixed, and reaction of soils of Series III 


Soil 

No. 

County. 

Type of film. 

Microscopic picture 

161. . 

Pottawata- 

Typical Azoto- 

Typical Azoto- 


tamie. 

bacter. 

bacter. 

162. . 

.do. 

Nontypical film. 

Azotobacter (?)... 

jfy 2 . . 

Cloud. 

.do. 

.do. 

164 

.do.*. 

None. 

No Azotobacter... 

i6c.. 

.do. 

.do. 

.do . 

166.. 

.do. 

.do. 

.do. 

167. 

Wyandotte. 

Nontypical. 

Typical Azoto- 




bacter. 

168.. 

Franklin.... 

None. 

No Azotobacter... 

L69. . 

.do. 

Non typical. 

Azotobacter pres- 







ent. 

1 * 70 . . 

Wilson. 

.do. 

.do. 

A /V/ . . 

171 . . 

.do. 

.do. 

.do. 

172 . . 

.do . 

None. 

No Azotobacter... 

173** 

Pawnee.... 

Typical Azoto- 

Typical Azoto- 


• 

bacter." 

bacter." 

174. . 

Franklin. ... 

None . 

Azotobacter (?)... 

17^ . . 

.do . 

.do . 

.do . 

176. . 

Anderson ... 

Typical Azoto- 

Typical Azoto- 



bacter. 

bacter. 

177 . . 

.do . 

None . 

Azotobacter (?) . . 

178. . 

.do . 

. do . 

No Azotobacter. .. 

170 . . 


.do . 

. do . 

180. . 

.... 

.do . 

.do . 

.do . 

181 .. 

Marshall. ... 

Nontypical . 

Azotobacter (?)... 

182 . . 

.do . 

None . 

No Azotobacter. .. 


.do . 

Typical Azoto- 

Typical Azoto¬ 



bacter. 

bacter. 

184. . 

.do . 

.., do . 

.do . 

185.. 

Wyandotte . 

None. i 

No Azotobacter . . 

186. . 

. do. 

Typical Azoto- 

Typical Azoto¬ 



bacter. 

bacter. 

187. . 

. do. 

. do. 

. do. 

188.. 

Atchinson... 

Nontypical. 

Azotobacter pres¬ 




ent. 

180. . 

. do . 

None. 

No Azotobacter. . 

100. . 

. do 

. do. 

Azotobacter pres¬ 




ent." 

191. , 



No Azotobacter . . 

102 . . 

Wilson . . 

. do . 

. do . 

193 - • 

Jewell . 

Nontypical . 

Typical Azoto¬ 




bacter. 

104 . . 

.... do. 

Typical Azoto- 

. do . 



bacter. 


iQ<;.. 

Chase . 

None . 

No Azotobacter. . 

196. . 

. do . 

. do. 

. do . 

197.. 


Typical Azoto- 

Typical Azoto¬ 



bacter. 

bacter. 

198. . 

Lvon . 

None . 

Azotobacter (?)... 

IQQ. . 

...... 

.do. 

Nontypical. 

Typical Azoto¬ 




bacter, 

200.. 

Osborne .... 

Typical Azoto- 




bacter. 


201. . 

.do . 

None. 

No Azotobacter . . 

202.. 

Kearney.... 

Typical Azoto- 

Typical Azoto¬ 



bacter. 

bacter. 

203.. 





® One sample. 


Nitro- 

gen 

fixed. 

Azoto¬ 

bacter. 

Ph 

colon- 

metric. 

Ph 

electro¬ 

metric. 

Mgm . 

8.6 

+ 

6.S 

7.21 

7-1 

+ 

5*7 

6.02 

S-8 

+ 

6.0 

s-98 

5-0 

— 

5*7 

S- 4 I 

4.4 

— 

S-6 

S-S 4 

7.0 

— 

5*5 

5-71 

8.0 

+ 

6.1 

6.25 

6.3 

— 

5-4 

5-17 

7*1 

+ 

5-2 

5-10 

2.9 

+ 

5*9 

S -93 

2.9 

+ 

5-4 

S-iS 

5-1 

— 

5-3 

5.02 

8.2 

+ 

6.0 

6.08 

5-4 

— 

5-8 

S-8S 

3-0 

— 

5-4 

5-29 

91 

+ 

6.5 

6 - 3 S 

7*2 

— 

s-6 

S -37 

9.6 

— 

5-6 

S -30 

4-7 

— 

s-8 

s-76 

1.8 

— 

S-6 

5 47 

7.9 

+ 

5-9 

6.10 

7.8 

— 

6.2 

6.52 

8.8 

+ 

6.9 

7-37 

8.5 

+ 

6.4 

6.77 

4.6 

— 

5.6 

S -44 

9.9 

+ 

7.2 

7.72 

8.5 

+ 

6.2 

6.69 

7-4 

+ 

5-6 

S -52 

0.8 

— 

S-6 

S-S 2 

5*5 


5.6 

S -34 

5-3 

— 

5-7 

S -32 

7.2 

— 

5-6 

S -22 

9-5 

+ 

6.6 

6.84 

8.1 

+ 

6.0 

615 

7-7 

— 

S-8 

S -69 

6.6 

— 

S -4 

4.90 

6.9 

+ 

6.6 

7 -S 7 

4.6 

— 

i 5-9 

5-49 

5-1 

+ 

S -9 

6.07 

7*9 

+ 

7.6 

8.28 

6.1 

— 

6.1 

5-98 

7-5 

+ 

7-4 

8.19 

7.0 

+ 

7-0 

7 - 2 S 
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Tabi«e IX. —Type of growth, nitrogen fixed, and reaction of soils of Series III — Contd. 


Soil 

No. 


204. 

205. 

206. 

207. 
208.. 

209 

210 

211 

212 

213 


214.. 

215.. 

216.. 

217.. 

218.. 

219.. 

220.. 

•221.. 

222.. 

323.. 

324.. 

225.. 

226.. 


227.. 

228.. 

229.. 

230.. 

231.. 

232.. 


233 -• 
234.. 


County. 


Washington 
Doniphan.. 


.do. 

.do. 

Rush. 

Greenwood. 

_do. 

.do. 

.do. 

Rawlins... 

_do. 

-do. 

-do. 

Greenwood 
Jewell. . . . 

_do. 

Pottawata- 


Typc of film. 


Microscopic picture. 


None. 

Typical Azoto- 
bactcr. 

.do.®. 

.do. 

.do. 


No Azotobacter. . 
Typical Azoto< 
bacter. 

.do.®. 

.do. 

.do. 


None.I No Azotobacter. 


c. 

do. 

. . . . .rv^c 

..do 

do. 


do. 

....!.do 


mie. 

Ford. 

.... do. 

bacter. 

dn a 

bacter. 

,,., .do,® 

.do.®. 

.do.®. 

....do. 

.do. 

.do.. 

....do. 

.do. 

.do... 

McPherson.. 

Nontypical. 

.do... 

-do. 

Typicd Azoto- 

.do... 


-do.. 

_do.. 

Burbon. 


Osborne. 
Kearney. 
-do... 


Greenwood 
Meade. 


235.do 

236.. Chautauqua 

237.do 

238.. Morris 

239.. Pawnee 


240.. 

241.. 

242.. 
243 ' 

244.. 
245 -• 

246.. 

247.. 

248.. 

249.. 

250.. 


251- 


.do. 

Meade. 

Elk. 

Meade. 

Chautauqua 

Rush. 

Douglas. ... 

.do. 

-do. 

-do. 

Coffey. 


.do. 


Typical Azoto¬ 
bacter. 

_do. 

-do. 

_do. 

_do. 

....do. 

None. 

Typical Azoto- 


Typical Azoto¬ 
bacter. 

.do. 

_do . 

.do. 

.....do. 

_do. 

No Azotobacter. 
Typical Azoto¬ 


bacter, 

None. 

.do. 

Typical Azoto¬ 
bacter. 

.do. 

Nontypical. 

Typical Azoto¬ 
bacter. 

Nontypical. 

Typicd Azoto¬ 
bacter. 

.do. 

None. 

-do. 

-do. 

Typical Azoto¬ 
bacter. 

-do. 

Nontypical. 

-do.®. 

None. 

_do. 

....do. 

_do. 

_do. 

_do. 

_do. 

Nontypical. 


None. 


No Azotobacter. 

-do. 

Typical Azoto¬ 
bacter. 

-do. 

-do. 

.do. 


.do. 

.do. 


-do. 

No Azotobacter. 
Azotobacter (?).. 
No Azotobacter. 
Typical Azoto¬ 
bacter. 

-do. 

-do. 

.. .do.®. 

No Azotobacter. 
Azotobacter (?). 

....do. 

No Azotobacter. 

_do. 

-do. 

_do. 

Typical Azoto¬ 
bacter. 

No Azotobacter. 


Nitro- 

sen 

fixed. 


Mgm . 

2.7 

7-9 

S -4 


11.6 
0*3 
5-7 
4.0 

S ‘7 

10-5 

10.o 

9-3 

9.6 

It.I 

10.6 
6.0 

11.2 

8.2 

II.8 

9-5 

9-3 

7-4 

3-6 

5*0 

5-1 

10.2 

8.9 
7.0 
10.1 

7-0 

8.1 

8.7 

4.5 

3-7 


Azoto¬ 

bacter. 


+ 


+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 


+ 


Ph 

colori¬ 

metric. 


5-8 
6.1 


5-6 

7.6 

7-3 

6.7 
6.9 

5.6 

6.6 
6.6 

6.4 

6.6 

6.5 
6.7 

6.9 

5.9 

6.7 

5.8 

5.6 

71 

6.6 
7-4 

7.4 

7.0 

7.4 

6.5 

5.6 

5.5 

5*7 

6.1 

6.6 

6.4 

5-9 

6.7 

5.1 


Pk 

electro¬ 

metric. 


6.0 


5*10 

6.02 

5.32 

7.94 

7.60 

5-53 

5.05 

5*10 

5.39 

8.30 

7.98 
7.28 

7.40 

5.15 

7.28 

7.2s 

6.34 

6.66 

6.69 

6.63 

7.52 

5.91 

7.13 

5.66 
5.20 
7.60 

6.98 
8.25 

8.31 

7‘47 

8.15 

6.66 
5.30 
5*02 
5-54 
6.08 

7.03 

6.x8 

5 SI 

6.96 

5-22 

6.54 

590 

5.37 

5.47 

5.12 

6.00 

6.X0 


a One sample. 
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Tabi«^ IX.— Type of growth, nitrogen fixed, and reaction of soils of Series III —Contd. 


Soil 

No. 


County. 


Type ot film. 


Nitfo- 


Microscopic picture. 


gen 


fixed. 


Azoto- 

bacter. 


Ph 

colori¬ 

metric. 


Pm 

electro¬ 

metric. 


aS3** 

254 - 
255 •• 

356.. 
*S 7 ' 

258.. 

259 - 
260. . 

261 . . 

262 . . 

** 3 -- 

264.. 

271. 

272.. 

273 - 

274.. 


275 


276.. 



279 

280 


Coffey. 

Pawnee. 

Greenwood. 
Wichita.... 

.do. 

.do. 

.do. 

Logan. 

Thomas. 

Pratt. 

.. .do. 

Lyon. 

Hodgeman.. 

Woodson.... 
Pratt. 

-do. 

Finney. 

-do. 

Jackson. 

.do. 

Hodgeman.. 

_do. 

_do. 


None. 

Typical Azoto- 
bacter. 

None. 

Typical Azoto- 
bacter. 

None. 

Nontypical. 

Typical Azoto- 
bacter. 

-do. 

None. 

-do. 

-do. 

_do. 

Typical Azoto- 
bacter. 

None. 

Typical Azoto- 
bacter. 

None. 

Non typical. 

Typical Azoto- 
bacter. 

None. 

_do. 

Nontypical. 

None .. 

Typical Azoto- 
bacter. 


No Azotobacter. 

Typical Azoto¬ 
bacter. 

No Azotobacter. 

Typical Azoto¬ 
bacter. 

Azotobacter (?).. 

Typical Azoto¬ 
bacter 

.do. 

.do. 

Azotobacter (?).. 

No Azotobacter. 

.do. 

Azotobacter (?).. 

Typical Azoto¬ 
bacter. 

No Azotobacter.., 

Typical Azoto¬ 
bacter. 

No Azotobacter. . 

Typical Azoto¬ 
bacter. 

-do. 

No Azotobacter. . 

-do. 

Azotobacter (?).. 

No Azotobacter. . 

Typical Azoto¬ 
bacter. 


Mgm, 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 


5.6 

S -37 

6.4 

6.25 

5-4 

4-68 

7.2 

7-79 

6.2 

6-35 

7.8 

8.13 

7.6 

8.36 

6.5 

6.49 

7.0 

7.48 

5-9 

5.81 

6.9 

7-23 

5-5 

4-93 

7‘4 

7 S* 

5-6 

S -41 

7-4 

7.72 

6.5 

6.42 

6.5 

6.96 

7-4 

8.06 

5-7 

5*27 

5-4 

5 -10 

7-4 

7-99 

6.4 

6.81 

5-7 

6.51 


43325—23 
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TablB X .—Correlation between reaction and presence of Azotohacter in soils of Series III 























































June x6. 1933 Azotobociet Flota and Nittogeu Fixifig Ability of SoUs 925 


Summary of Tables IX and X 

Number of soils examined. 

Number of soils containing Azotobactcr. 

Number of soils not containing Azotobactcr. 

Average mgm. nitrogen fixed, 76 soils. 

Average mgm. nitrogen fixed, 44 soils containing AzotDbacter. 

Average mgm. nitrogen fixed, 32 soils not containing Azotobactcr. 

Number of soils electrometric Ph 6.0 or above. 

Number of soils electrometric Ph below 6.0. 

Number of soils colorimetric Ph 6.0 or above . 

Number of soils colorimetric Ph below 6.0. 

Number of soils electrometric Ph 6.0 or above containing Azotobactcr. 

Number of soils electrometric Ph 6.0 or above not containing Azotobactcr. ... 

Number of soils electrometric Ph below 6.0 containing Azotobactcr. 

Number of soils electrometric Ph below 6.0 not containing Azotobactcr . . . 

Number of soils colorimetric Ph 6.0 or above containing Azotobactcr . 

Number of soils colorimetric Pu 6.0 or above not containing Azotobactcr. 

Number of soils colorimetric Ph below 6.0 containing Azotobactcr. 

Number of soils colorimetric Ph below 6.0 not containing Azotobactcr. 

Average electrometric Ph, 114 soils. 

Average colorimetric Ph, 114 soils. 

Average, electrometric Pu, 60 soils containing Azotobactcr. 

Average electrometric Pu, 54 soils not containing Azotobactcr. 

Average colorimetric Pu, 6o soils containing Azotobactcr . 

Average colorimetric Ph, 54 soils not containing Azotobactcr. 

Association coefficient based oil electrometric Ph determinations . 

Association coefficient based on colorimetric Ph determinations. 


114 
60 
54 
6 95 
8.28 
5 - 10 
63 

54 

53 

10 

7 

44 

49 

11 
II 

43 
6. 32 
6 . 21 
6. 94 


5 - 77 
o. 942 
o. 891 


The data here summarized vary but slightly from those for the two 
former series. There were lo soils with an electrometric and 11 with a 
colorimetric Pu of 6.0 or above that failed to show Azotobactcr. Of 
these ri, 8 were among those that remained in the laboratory for several 
months before being examined. One of the remaining 3 reacted more 
acid and i only slightly less acid than Pu 6.0 by one of the methods. 

There were 7 soils that reacted dectrometrically and 11 colorimetrically 
more acid than P„ 6.0, recorded as containing Azotobactcr. Six of 
these reacted less acid than P^ 6.0 and 2 of the remaining less acid than 
Ph 5.9 by one of the methods. Only i soil more acid than Pi, 5.9 
produced a typical Azotobactcr growth accompaniefl by good fxation 
of nitrogen. 


SERIES IV 

In Table XI and XII data collected from the soils of Series IV are 
presented. These soils were collected in a large number of instances 
from experimental plots where the effect of lime upon acid soils was 
being studied. Such plots are usually located upon areas of acid soil. 
From observation such soils do not contain Azotobactcr. The data here 
presented show that many of these limed soils should be, as far as reac¬ 
tion is concerned, favorable to the growth of Azotobactcr, yet no Azoto- 
bacter were found. In other words, the addition of lime has changed 
the hydrogen-ion from an unfavorable to a favorable concentration for 
Azotobactcr without apparently influencing the Azotobactcr flora. There 
are many limed soils, however, to which the quantity of lime added appar¬ 
ently has not been sufficient to change appreciably the hydrogen-ion 
concentration. 
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Table X. —Correlation between reaction and presence of Azotohacter in soils of Series III 


Pr drtennined electrometrically. 


Pk determined colorimetrically. 


Soil No. 

Ph 

Azoto> 

bacter. 

Soil No. 

Ph. 

Azoto- 

bacter. 


B 

Azoto- 

bacter. 

Soil No. 

Ph. 

Azoto- 

bacter. 

232 .. . 

8.31 

+ 

239. . . 

6.08 

+ 

257 -•• 

7-8 

+ 

173 •• 

6.0 

+ 

213. . . 

8.30 

+ 

173- 

6.08 

+ 

200... 

7.6 

+ 

194... 

6.0 

+ 

200. . . 

8.28 

+ 

199. . . 

6.07 

+ 

213... 

7.6 

+ 

251... 

6.0 

— 

258- 

8.26 

+ 

162... 

6.02 

+ 

358... 

7.6 

+ 

170. . . 

5*9 

4 - 

231. . . 

8*25 

+ 

205. . . 

6.02 

+ 

202... 

7-4 

+ 

I8I . . . 

5*9 

+ 

202... 

8.19^ 

+ 

250. . . 

6.00 

+ 

231... 

7*4 

+ 

198... 

5*9 

— 

234... 

8.IS 

+ 

201 . . . 

598 

— 

232.. 

7*4 

+ 

199 * 

5*9 

+ 

257-•• 

8.13 

+ 

163... 

S- 9 * 

+ 

234 .. 

7*4 

+ 

225. . . 

5*9 

+ 

375 - • • 

8.06 

+ 

170. . . 

5*93 

+ 

264... 

7*4 

+ 

242... 

5*9 

— 

278... 

7-99 

+ 

225. . . 

5-91 

+ 

272... 

7*4 

+ 

*50.. . 

5*9 

+ 

214. . . 

7.98 

+ 

246. . . 

590 

— 

275 - • • 

7*4 

-f 

261 . . . 

5-2 

— 

207... 

7-94 

+ 

174. . . 

585 

— 

278... 

7-4 

+ 

174... 

S-8 

— 

255 - •• 

7*79 

+ 

261 . . . 

5.81 

— 

214. . 

7-3 

+ 

179... 

5-8 


272 . . . 

7.7a 

+ 

195... 

5.80 

— 

186... 

7.2 

+ 

195... 

S-8 

— 

186. 

7.72 

+ 

179... 

5-76 

— 

208... 

7.2 

+ 

204 . . . 

5-8 

— 

208... 

7.60 

+ 

166. . . 

5-71 

— 

255 * •• 

7.2 

+ 

227. . . 

S-8 

— 

229. . . 

7.60 

+ 

227. . . 

5-66 

— 

207... 

7*1 

■f 

246 . . . 

S-8 

— 

197 .. . 

7-57 

+ 

238.. . 

5-54 

— 

229... 

7*1 

+ 

162 . . . 

5*7 

+ 

264... 

7 52 

+ 

165... 

5-54 

— 

203... 

7.0 

-f 

164 . . . 

5*7 

— 

224... 

7 52 

+ 

209. . . 

5*53 

— 

233 -•• 

7.0 

+ 

I9I... 

5*7 

— 

260... 

7.48 

— 

188... 

5-52 

+ 

260... 

7.0 

— 

206. . . 

5*7 

— 

233 • • • 

7-47 

+ 

189. . . 

S-S2 

— 

183... 

6.9 


209. . . 

5*7 


216. . . 

7.40 

+ 

242. . . 

5 -Si 

— 

216... 

6.9 

- 4 - 

*38. . . 

5*7 

— 

183 .. 

7*37 

+ 

198. . . 

S -49 

— 

224... 

6.9 

+ 

248 . . . 

5*7 

— 

218... 

7.28 

+ 

248. . . 

5-47 

— 

262... 

6.9 

— 

276. . . 

5*7 

-- 

215... 

7.28 

+ 

180. . . 

5-47 

— 

215... 

6.7 

+ 

280. . . 

5*7 

+ 

219... 

7*25 


185... 

5-44 

— 

223... 

6.7 

•f 

165... 

5*6 

— 

203... 

7-25 

+ 

164. . . 

S- 4 I 

— 

226... 

6.7 

+ 

177... 

5*6 

— 

262... 

723 

— 

271. . . 

S- 4 I 

— 

243 -•• 

6.7 

— 

178... 

5*6 

— 

I6I . . . 

7.21 

, + 

212. . . 

5-39 

— 

193 •• 

6.6 

•f 

180. . . 

5*6 

— 

226. . . 

7-13 

+ 

177,.. 

5-37 

— 

197.,. 

6.6 

+ 

185. . 

i 5.6 

— 

240. . . 

7-03 

+ 

252. . . 

5-37 

— 

218... 

6.6 

+ 

188... 

5.6 

+ 

230... 

6.98 

+ 

247 - • • 

5*37 

— 

219.. . 

6.6 

— 

189. . . 

5*6 

— 

243 • • 

6.96 

— 

190... 

S -34 

— 

221... 

6.6 

•f 

190. . . 

5*6 

— 

274... 

6.96 

+ 

206. . 

5-32 

— 

230... 

6.6 

+ 

192 . . . 

5*6 

— 

182... 

6.90 

— 

191... 

5-32 

— 

240... 

6.6 

•f 

2T2. . . 

5.6 

— 

193 .. . 

6.84 

+ 

236... 

5-30 

— 

161... 

6*5 

+ 

217. . . 

5.6 

+ 

279... 

6.81 

— 

178,,. 

S ‘30 

— 

176... 

6.5 

■f 

228. . . 

5*6 

— 

184. . . 

6.77 

+ 

175 -•• 

5-29 

— 

222... 

6.5 

+ 

236. . . 

5.6 

— 

222 . . . 

6.69 

-I" 

276... 

5-27 

— 

235 

6.5 

+ 

252... 

5*6 

— 

187.. . 

6.69 

+ 

192... 

5.22 

— 

259... 

6.5 

+ 

271 . . . 

5*6 

— 

235 - 

6.66 

+ 

244... 

5.22 

— 

273 * • 

6.5 

— 

166. . . 

5*5 

— 

221. .. 

6.66 

+ 

228... 

5.20 

— 

274... 

6.5 

+ 

237... 

5*5 

— 

223... 

6.63 

+ 

168... 

5-17 

— 

184... 

6.4 

+ 

263 .. . 

5*5 

— 

245 -.. 

6.54 

— 

217... 

5.IS 

+ 

220... 

6.4 

+ 

1 247 . . . 

5*5 


2^. .. 

6.51 

+ 

171... 

5-15 

+ 

241... 

6.4 

+ 

168.., 

5*4 

— 

259 * •• 

6.49 

+ 

249... 

S-I2 

— 

253 ••• 

6.4 

+ 

I7I... 

5*4 

+ 

273 - • 

6.42 

— 

277... 

5-10 

— 

279... 

6.4 

— 

175 * •• 

5*4 


256... 

6-35 

— 

204... 

510 

— 

182... 

6.2 

— 

196... 

5*4 

— 

176... 

6-35 

+ 

211... 

5-10 

— 

187... 

*6.2 

+ 

249... 

5*4 

— 

220... 

6.34 

+ 

169... 

5 * 10 

+ 

256... 

6.2 

— 

254 * * * 

5*4 

— 

253. 

6.25 

+ 

210... 

5*05 

— 

167... 

6.1 

+ 

277... 

5*4 


167... 

6.25 

+ 

237*“ 

5.02 

— 

301 . .. 

6.1 

— 

172... 

5*3 


241... 

6.18 

+ 

172... 

5.02 

— 

SOS--- 

6.1 

+ 

210... 

5*3 


194... 

6.15 

+ 

263... 

4.93 

— 

* 39 -- - 

6.1 

■f 

211... 

5*3 

— 

aci... 

6.10 

— 

196... 

4.90 


* 45 --- 

6.1 

— 

169... 

5*2 

+ 

181... 

6.10 

+ 

254... 

4.68 

" 

163... 

6.0 

■f 

244... 

5*1 

— 
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Summary of Tables IX and X 


Ntimber of soils examined. 114 

Ntimber of soils containing Azotobacter. 60 

Number of soils not containing Azotobacter. 54 

Average mgm. nitrogen fixed, 76 soils. 6. 95 

Average mgm. nitrogen fixed, 44 soils containing Azot Jbacter. 8. 28 

Average mgm. nitrogen fixed, 32 soils not containing Azotobacter. 5. 10 

Number of soils electrometric Ph 6.0 or above. 63 

Number of soils electrometric Ph below 6.0. 51 

Number of soils colorimetric Ph 6.0 or above . 60 

Number of soils colorimetric Ph below 6.0. 54 

Number of soils electrometric Ph 6,0 or above containing Azotobacter. 53 

Number of soils electrometric Ph 6.0 or above not containing Azotobacter.... 10 

Number of soils electrometric Ph below 6.0 containing Azotobacter . 7 

Number of soils electrometric Ph below 6 o not containing Azotobacter. 44 

Number of soils colorimetric Ph 6.0 or above containing Azotobacter. 49 

Number of soils colorimetric Ph 6.0 or above not containing Azotobacter. 11 

Number of soils colorimetric Pu below 6.0 containing Azotobacter. ii 

Number of soils colorimetric Ph below 6.0 not containing Azotobacter. 43 

Average electrometric Ph, 114 soils.*• 6. 32 

Average colorimetric Ph, 114 soils. 6. 21 

Average electrometric Ph, 60 soils containing Azotobacter. 6 94 

Average electrometric Pu, 54 soils not containing Azotobacter.5. 63 

Average colorimetric Ph, 60 soils containing Azotobacter. 6 62 

Averi^e colorimetric Ph, 54 soils not containing Azotobacter. 5. 77 

Association coefficient based oil electrometric Ph determinations.o. 942 

Association coefficient based on colorimetric Ph determinations.o. 891 


The data here summarized vary but slightly from those for the two 
former series. There were 10 soils with an electrometric and 11 with a 
colorimetric Ph of 6.0 or above that failed to show Azotobacter. Of 
these 11,8 were among those that remained in the laboratory for several 
months before being examined. One of the remaining 3 reacted more 
acid and i only slightly less acid than Ph 6.0 by one of the methods. 

There were 7 soils that reacted electrometrically and 11 colorimetrically 
more acid than Ph 6.0, recorded as containing Azotobacter. Six of 
these reacted less acid than Ph 6.0 and 2 of the remaining less acid than 
Ph 5.9 by one of the methods. Only i soil more acid than Ph 5 9 
produced a typical Azotobacter growth accompanied by good fixation 
of nitrogen. 


SERIES IV 

In Table XI and XII data collected from the soils of Series IV are 
presented. These soils were collected in a large number of instances 
from experimental plots where the effect of lime upon acid soils was 
being studied. Such plots are usually located upon areas of acid soil. 
From observation such soils do not contain Azotobacter. The data here 
presented show that many of these limed soils should be, as far as reac¬ 
tion is concerned, favorable to the growth of Azotobacter, yet no Azoto¬ 
bacter were found. In other words, the addition of lime has changed 
the hydrogen-ion from an unfavorable to a favorable concentration for 
Azotobacter without apparently influencing the Azotobacter flora. There 
are many limed soils, however, to which the quantity of lime added appar¬ 
ently has not been sufficient to change appreciably the hydrogen-ion 
concentration. 
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Tabi^B XI .—Type of growth, nitrogen fixed, and reaction of soils from different States, 

Series IV 


Si«il 

No. 

SUte. 

Limed 

Type of film. 

Microscopic picture 

301 

Michigan.. 

0 

None. 

No Azotobac- 





ter. 

302 


0 

Typical Azo- 

Typical Azo- 




tobacter. 

tobacter. 

303 

.do. 

0 

None. 

No Azotobac- 




ter. 

304 


0 

Typical Azo- 

Typical Azo- 




tobacter. 

tobacter. 

305 

.do. 

0 

None. 

No Azotobac- 




ter. 

306 

California. . 

0 

Nontypical... 

Typical Azo- 





tobacter. 

307 

_do. 

0 

None. 

No Azotobac- 




ter. 

308 

.do. 

0 

.do. 

Typical Azo- 




"tobacter. 0 

309 

.do. 

0 

Typical Azo- 

.do. 




tobacter. 


310 

.do. 

0 

None. 

.do. 

311 

Ohio. 

+ 

.do. 

No Azotobac- 




ter. 

312 


+ 

.do. 

.do. 

313 

.do. 

4 - 

.do. 

.do. 

314 


0 



315 


0 

.do. 


316 

North Caro- 

0 


.do. 

lina. 




317 

.do. 

+ 



318 


+ 

.do. 

.do. 

319 

New Jersey. 

+ 

.do. 

Azotobacter (?) 

320 

^do. 

0 

.do. 

Azotobac ter 




present. 

321 


+ 


Azotobacter (?) 

322 

.do. 

+ 

.do. 

Azotobacter 




present. 

323 


0 


No Azotobac¬ 





ter. 

324 

Iowa. 

0 

Typical Azo- 

Typical Azo¬ 




tobacter. 

tobacter. 

325 


0 

None. 

No Azotobac¬ 




ter. 

326 

.do. 

0 

.do. 


327 


0 

Typical Azo- 

Typical Azo¬ 




tobacter.fl 

tobacter.® 

328 

.do. 

0 

None. 

No Azotobac* 




ter. 

329 

New York.. 

+ 

T3rpical Azo- 

Typical Azo¬ 




tobacter. 

tobacter. 

330 

.do. 

+ 

None. 

.do.®. 

331 


+ 

Nontypical... 


332 

.do. 

+ 

None. 

Azotobacter (?) 



333 


0 

....do. 

.do. (?) 

334 

Arkansas.... 

0 

.,..do. 

.do. (?) 

335 

.do. 

0 

....do. 

.do. (?) . 

336 


0 

_do. 

.do. (?) . 

337 

Oregon.... 

0 

....do... 

No Azotobac- 




ter. 

338 


0 

-do... 


339 


0 

-do. 

.do. 

340 


0 

....do. 

do 

0 One sample only. 





Nitro¬ 

gen 

fixed. 

Azoto¬ 

bacter. 

Pa 

colori¬ 

metric. 

Ph 

electro¬ 

metric. 

Mgm. 

4.2 

- 

5*9 

5.76 

71 

+ 

S -6 

6.64 

3*7 

- 

7*4 

7.38 

II.4 

+ 

6.3 

S -73 

4.8 

- 

5*9 

3-69 

8.1 

+ 

6.1 

5 - 6 i 

6-5 

- 

5*9 

S -49 

5-6 

- 

6.3 

5.81 

10.8 

+ 

7.8 

8.14 

S -4 

+ 

6.3 

7.08 

0*3 


6.6 

7.01 

3-6 

— 

7.0 

7-33 

4-7 

— 

4.8 

5*05 

4.8 

1 — 

5-9 

6.03 

4.3 

— 

5*9 

6.07 

4.5 

— 

4.6 

500 

6.0 

— 

6.4 

6.78 

5*0 

-- ' 

5*9 

6.01 

5-3 

— 

6.8 

6.71 

4.8 

— 

4.9 

4.80 

6.0 

— 

6.4 

6.52 

4.4 


7.0 

6.93 

4-4 

- 

4.9 

4.90 

11,6 

+ 

7.0 

7.II 

4.9 

- 

4.9 

4.78 

4.8 

-- 

4.8 

483 

6.5 

+ 

4*9 

4-93 

4*5 

- 

5*3 

5-88 

7.5 

+ 

7*2 

7.30 

5*5 

+ 

7.0 

6.84 

6.6 

+ 

6.9 

6.79 

6*5 

— 

6.5 

6.93 

5 -Z 

— 

5*2 

S -47 

7.8 

+ 

7.0 

6.96 

5*4 

— 

4.9 

5.05 

5*0 

— 

5*5 

5-58 

2.7 


5*2 

527 

3*5 

- 

5*4 

5-39 

3*3 

— 

5*0 

Sa 4 

2.1 

— 

c.fi 

e.e%9 
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Table XI.— Type of growth^ nitrogen fixed, and reaction of soils from different States t 

Series /V'-—Continued. 


Soil 

No. 

SUte. 

341 

Oregon. 

342 

Alabama... 

343 

.do. 

344 


345 


346 


347 

Mississippi.. 

348 


349 

.do. 

350 

.do. 


3SI 

.do. 

352 

Illinois. 

353 


354 


355 


356 

.do. 

3S7 

.do. 

358 

Indiana.... 

3S9 


360 

361 

Geoi^a.... 

363 

.do. 

363 


364 


365 

366 

Ohio. 

.do. 

367 

.do. 

368 

.do. 

369 


370 


371 

New Jersey. 

37* 


373 

.do. 

374 

.do. 

375 


376 

.do. 

377 

North Caro¬ 

lina. 

378 

.do. 

379 


380 


381 


38a 


383 

Massachu¬ 

setts. 

384 



Limed. 

Type of film. 

Microscopic picture. 

Nitro¬ 

gen 

&ed. 

0 

None. 

Azdtobacter... 

Mom. 

3-5 

0 

.do. 

.do. 

1.0 

0 

.do. 

.do. 

X - 6 

0 



0-3 

+ 


Azotobacter ( ?) 

3*0 

+ 

.do. 

No Azotobac- 

1-7 

0 

Typical Azo- 

ter. 

Typical Azo- 

8.0 

0 

tobacter. 
None. 

tobacter. 
Azotobacter (?) 

2*5 

0 

T3rpical Azo- 

Typical Azo- 

8.3 


tobacter. 

tobacter. 


0 

.do. 

.do. 

8.6 

9*5 

0 


.do. 

+ 

.do. 

.do. 


0 

None. 

No Azotobac- 


+ 

Typical Azo- 

ter. 

Typical Azo- 


0 

tobacter. 
None. 

tobacter. 

No Azotobac- 


0 

.do. 

ter. 

.do. 


+ 

0 

.do. 

.do........ 



.do. 

4.0 

+ 

.do. 

.do. 

6.0 

V. V 

+ 

.do. 

.do. 

5-8 
6.1 

+ 

.do. 

.do. 

0 

.do. 

.do. 

6.6 

6.6 

0 

.do. 

.do. 

0 

.do. 

.do. 

5.8 

6.2 

+ 

.do. 

.do. 

+ 

Nontypical... 

Typical Azo¬ 

6.8 

+ 

None. 

tobacter. 

No Azotobac¬ 

5 -^ 

0 

Nontypical... 

ter. 

T>pical Azo¬ 

9.0 

0 

.do. 

tobacter. 
.do. 

10.4 

9.6 

0 

None. 

Azotobacter 

0 

.do. 

present. 

No Azotobac¬ 

S -3 

+ 

.do. 

ter. 

.do. 

5-1 

0 

.do. 


4.7 

+ 



5*3 

0 

.do. 

.do. 

5-0 

-1- 

.do. 

.do. 

5-4 

^.2 

0 

.do. 

.do. 

0 

Nontypicalfl 

Typical Azo¬ 

O’* 

5-4 

0 

None. 

tobacter.® 

No Azotobac¬ 

5-4 

0 

.do. 

ter. 

. ...do. 

5*2 

/ 0 

.do. 

.do. 

4.4 

5.8 

4.0 

0 

.do. 

.do. 

+ 

Nontypical,.. 

Azotobacter (?) 

+ 


I .do.(?). 

4..3 


Azoto- 

bactcr. 

Ph 

colori¬ 

metric. 

Pa 

electron 

metric. 


5*5 

5.66- 

— 

4.6 

4*44 

— 


5*83 

— 

4.8 

5*05 

— 

5*9 

5-66 

— 

5*9 

5*51 

+ 

6.2 

6.17 

... 

4.6 

4.21 

+ 

6.6 

6.76 

+ 

6.2 

6.20 

+ 

7-4 

7-74 

+ 

6.3 

7.20 

—• 

4.8 

5*00 

+ 

5-8 

6.51 

- 

4-6 

4.19 


4.7 

4.70 

— 

5*2 

5*73 

— 

4.3 

3 80 

— 

5*0 

4*93 

— 

6.6 

6.69 

— 

5.8 

6.05 

— 

5-0 

5*24 

— 

6.1 

5.85 

— 

4.8 

4.76 

— 

6.2 

5 88 

+ ' 

6.8 

6.84 

- 

6.2 

6.18 

+ 

7*1 

7.48 

+ 

6.7 

7*05 

+ 

7.0 

7*45 

- 

4.8 

4.70 

— 

5*7 

5*37 

— 

5*0 

4.22 

— 

6.5 

6.44 

— 

4.8 

5*12 


6.8 

6.86 

— 

5*0 

4.98 

— 

4.8 

4.90 

— 

4.4 

3*73 

— 

5*0 

4.93 


5*4 

5*09 

— 

5*0 

4.63 

— 

6.5 

6.29 

— 

6.6 

6.27 


o One sample only. 
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TABtE XI —Type of growth, nitrogen fixed, and reaction of soib of different Staiet, 

Senes IV —Continued. 

Nitro- 

state. Limed. Type of film. Microacopic picture, gen coloii- electro- 

No. fixed. metric, metric. 


Massachu- 

i^etts. 

-do- 

.do.... 

.do.... 

Maryland.. 

... do.... 

.do.... 

... do.... 

.do.... 

, ...do.... 
Rhode Is¬ 
land. 

_do..... 

.. ..do. 

-do. 

.do. 

.do. 

Virginia.... 


.. do. 

. .do- 

. do. ... 


405 -do- 

406 ... .do. ... 

407 Kentucky. 

408 .do.... 

409 .do, ... 

410 .do.... 

411 . .do..,. 

412 ....do. 

413 North Caro¬ 

lina. 

414 .do. 

415 .do. 

416 .do. 

417 .do. 

418 Tennessee.. 

419 ....do. 

420 .do. 

421 .do. 


422 .do. ... 

423 .do- 

424 West Vir¬ 

ginia. 

425 .do- 

426 .do- 

427 .do.... 

428 .do.... 

420 .do.... 


430 Indiana. 


New York. 
.do_ 


None. No Azotobac- 

tcr. 

.do.do. 

_do.do. 

.do.do. 

.do.do. 

. ....do.do. 

.do.do. 

_do.do. 

.do.do. 

.do.do. 

.do.do. 


Typical Azo- Typical Azo- 
tobacter. tobacter. 

.do.do. 

.do.do. 

None. No Azotobac- 

ter. 

.do.do. 

.do.do. 

.do.do. 

.do.do. 

.do.do. 

.do.do. 

.do.do. 

.do.do. 

.do.do. 


Nontypical... Typical Azo- 
tobacter. 

... .do.do. 

None.Azotobacter (?) 

Nontypical... Typical Azo¬ 
tobacter. 

-do.do. 

_do.do. 

None. No Azotobac¬ 

ter. 

... .do.do. 


.do. 

.do. 

.do. 

.do. 

.do. 

..,..do. 

Typical Azo- 
tobacter.a 

.do. 

Nontypical ^ 


.do. 

.do. 

.do. 

.do. 

.do. 

Typical Azo- 
tol^acter.o 

.do. 

Azotobacter 

present. 


0 One sample only. 
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Tablb XL —Type of growth^ nitrogen fixed t and reaction of soils from different States, 

Series /K—^ntinued. 


Soil 

Na 

State. 

Limed. 

Type of film. 

Microscopic picture. 

Nitro¬ 

gen 

fixed. 

Azoto¬ 

bacter. 

M 

Pm 

electro¬ 

metric. 






Mgm. 




434 

New York.. 

+ 

Nontypical.. 

Typical Azo- 

6.1 

+ 

6.2 

6.84 





tobacter. 






.do. 

+ 

None. 

Azotobacter (?) 

7.1 


7 

6.21 

436 

.do. 

0 

.do. 

No Azotobac- 

to 

4.4 

— 

3 * / 
5*0 

V, 

4.98 





ter. 





437 

.do. 

+ 

Typical Azo- 

Typical Azo- 

8-3 

+ 

6*3 

6.72 




tobacter. 

tobacter. 





438 

South Caro- 

0 

Nontypical... 

.do. 

6.4 

+ 

S*i 

4.98 


lina. 








439 

.do. 

0 

Typical Azo- 

.do. 

8.9 

+ 

7.6 

8.14 







tobacter. 






440 

.do. 

+ 

.do. 

.do. 

6.8 

+ 

6.8 

7.84 

441 

.do. 

0 

Nontypical«. 

.do. 

5*3 

— 

4*9 

4.90 

442 

.. ..do. 

+ 

None. 

No Azotobac- 



4.9 

S*IS 



ter. 



443 

.do. 

+ 

..do. 

.do. 

4.4 

— 

5*2 

5*34 

444 

Pennsylva¬ 

0 

Typical Azo- 

Typical Azo¬ 

7.6 

+ 

7.0 

7.20 


nia. 


tobacter. 

tobacter. 





445 

... do. 

0 

None. 

No Azotobac¬ 

•C.6 


^.2 

5-59 




ter. 

j * 


J * 

446 

... .do.... 

0 

-do. 

Azotobacter (?) 

6.3 

— 

4.8 

5 >07 

447 

.do. 

+ 

Typical Azo¬ 

Typical Azo¬ 

8.0 

+ 

7-4 

8.41 




tobacter. 

tobacter. 





448 

-do. 

+ 

.do. 

.do. 

8 .1 

+ 

8.3 

8.25 

449 

.do. 

0 

None . 

No Azotobac¬ 

4*7 


4.6 

4.24 




ter. 



Missouri.,.. 

0 

.do. 

.do. 

(i .0 


4.7 

4. ^6 

266 

.do. 

0 

.do. 

.do. 

J * ^ 

4. ^ 


•t* § 

4.07 

267 

_do. 

+ 

Typical Azo¬ 

Typical Azo¬ 

•t • j 

5.8 

+ 

J * 

6.9 

7.10 




tobacter 

tobacter. 





268 


0 

.do. 


9.1 


7*1 

7.67 

269 

.do. 

0 

.do. 

.do. 

7*5 

+ 

6.7 

7.18 






^ r 


o One sample only. 


Table XII .—Correlation between reaction and presence of Azotobacter in soils of 

Series IV 


Ph determined electrometrically. 

Pa determined oolorimctrically. 

Soil 

No. 

Pm. 

Azoto¬ 

bacter. 

Soil 

No. 

Ph. 

Azoti>- 

bacter. 

SoU 

No. 

Pm. 

Azoto¬ 

bacter. 

SoU 

No. 

Ph. 

Azoto¬ 

bacter. 

447 -•• 

8.41 


445 -•• 

559 


448... 

8.2 

+ 

401... 

5-6 

+ 

448... 

8.35 

+ 

336... 

SS8 

— 

309••• 

7.8 

+ 

431 *** 

$.6 

+ 

439 -•• 

8.14 

+ 

429... 

5*51 

— 

439 •• 

7.6 

+ 

439••• 

5*5 


309... 

8.14 

+ 

346... 

5*51 

— 

303 ••• 

7*4 

— 

336.•• 

5*5 


440... 

7.84 

+ 

307*•• 

S -49 

— 

351 * •• 

7*4 

+ 

34 *- 

S*S 


366... 

7.84 

+ 

333 * •• 

5*47 

— 

447 ** 

7*4 

+ 

419*•• 

5*5 

+ 

391... 

7-77 

-I.a 

421... 

5*43 

+ 

339* 

7*2 


433 *• 

5*5 

+ 

35 X - •• 

7*74 

+ 

338... 

5*39 

— 

368... 

7*1 

+ 

338... 

5*5 

— 

268... 

7.67 

4* 

37a ••• 

5*37 

— 

268... 

7*1 

+ 

381... 

5*4 


368... 

7.48 

+ 

443 .-- 

5*34 

— 

312 ... 

7.0 


421 .. 

5*4 

+ 

370 - 

7*45 

+ 

38s-- 

5*31 

— 

332... 

7.0 


328... 

5*3 


303 •• 

7*38 

— 

397 -- 

5*30 

— 

334 . • 

7.0 

+ 

443 ** 

5-3 

-*• 

312* •• 

7*33 

-h 

337 -•• 

5*37 

— 

330 • • 

7*0 

+ 

445 *** 

5*2 


403 • • 

7*30 

+ 

386... 

5*34 

— 

334..* 

7.0 

+ 

226... 

5*2 

— 

432 * • • 

7*30 

+ 

339 - • • 

5 * 34 . 

— 

370 * • • 

7*0 

+ 

333 ** 

5*2 


352 * * * 

7.20 

+ 

369... 

5*24 

— 

403... 

7.0 

+ 

337 *•• 

5*2 


444 * *• 

7.20 


409... 

5*19 

■*■ 

444... 

7*0 

+ 

357 * •• 

5*2 
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Tabib XI .—Type growth, nitrogen fixed, and reaction of soils from different States, 

Series /V—Continued. 


Pb determined electrometrically. 


Azoto- Soil 
bacter. No. 

+ 44a 

+ 375 

+ 381 

+ 344 

+ 335 

-L 3*3 
+ 43* 

+ 353 

-L 3*6 
+ 438 

-L 436 

-J 377 
+ 4*4 

-j- 366 

+ 446 

-L 337 

-h 380 
-Iv 359 
+ 44* 

+ 4*7 

-I. 3*3 

-L 378 
+ 390 

-L 326 
—L 406 

+ 407 

-l> 4** 
-L 41S 

- 330 

-L 32s 
-L 364 
-L 405 
+ 404 

-L 389 
-L 37* 

+ 356 

+ 4*8 

-h 42s 
-L (4*7 

- 382 
—L 420 

- 395 
- l > 430 

- 433 

- 393 

- 39 * 

- 342 

- 26s 

- 400 

- 449 

- 373 

- 348 

+ 355 

7 387 

+ 424 

+ 4*6. 

- 388 

- 438 

- 358. 

+ 379 


Azoto- Soil 
bacter. No. 


- 331 

- 267 

- 319 

~ 366 

- 376 

- 410 

+ 440 

- 369 

- 402 

+ 43* 

- 269 

- 412 

- 311 

“ 349 

- 360 

+ 384 

- 391 

- 398 

433 
33 « 

383 

399 

317 

321 

304 
308 
310 

352 

437 
347 

330 
36s 
387 

408 

434 

+ 306 

363 

394 

4x3* 

301. 
305. 
, 307. 
+ 3x4- 




Pb determined colnrimetrically. 

« Azoto> Soil Azoto- 

bacter. No. bacter. 


+ 406 

+ 4*4 

438 
+ 436 

-L 339 
-L 359 
+ 36a 

+ 373 

+ 377 

+ 380 

+ 38a 

—L 404 
-L 427 
+ 3*0 

-L 3*3 

-I. 3*5 

3*7 
-I< 335 

-L 397 
-L 405 

-L 407 
-L 4*5 
—L 4*8 
-L 44 * 
-h 44 * 
+ 3*3 

- 326 

+ 344 

+ 353 

+ 364 

+ 37 * 

+ 375 

-L 378 
-L 446 
-I. 430 
+ 4*5 

+ 4 ** 

- 420 
4X7 

- 4X1 

- 390 

~ 389 

- 356 

- 392 

- 393 

““ 395 

- 265 

- 3x6 

~ 34a 

- 348 

i lii 

~ 400 

- 424 

- 426 

- 428 

+ 449 - 
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It could not be expected that the mere correcting of the reaction of 
an acid, Azotobacter-free soil would bring about the establishment of 
an Azotobacter flora, unless accompanied by natural or artificial inocu¬ 
lation. Artificial inoculation with Azotobacter has been practiced to a 
very limited extent and it is probable that none of the soils examined 
have received such treatment. Natural inoculation would probably 
eventually occur in all cases. The rapidity with which it would take 
place would depend primarily upon tiie proximity of soils containing » 
Azotobacter and upon the activity of the agencies operating in the 
transfer of soil from one to the other. Among these agencies would 
be wind, drainage, animals, insects, birds, etc., and the more or less 
artificial transfer upon agricultural tools and machinery. If soils con¬ 
taining Azotobacter are in close proximity, and the means of transfer 
are active, inoculation may occur very rapidly. For, in an effort to 
study the effect of inoculation upon adjacent plots, the writer found it 
impossible to prevent inoculation under certain conditions, while under 
other conditions such inoculation has not appeared during a period of 
three years. Some of the limed Azotobacter-free soils here recorded 
have been receiving lime for many years. As previously mentioned, 
many of the plots to which lime has been applied are located on rather 
large areas of strongly acid soils. Such plots may be some distance 
from areas that contain Azotobacter and, hence, chances for natural 
inoculation are poor. On the other hand, the writer repeatedly cul¬ 
tured the fertility plots of the Missouri Agricultural Experiment Station 
for Azotobacter during the years 1912-1914 with negative results. 
During 1914-15 certain of these plots received an addition of lime. 
When cultured for Azotobacter again in 1919 a vigorous flora was found 
to be present. At this last examination the reaction of the soil from a 
plot that had been limed was found to be neutral (soil No. 267, Table 
XI). Soil from adjacent unlimed plots was found to be strongly acid 
(soils Nos. 265 and 266, Table XI). In other words, decreasing the 
hydrogen-ion concentration of this soil to a point below i X io“* has 
result^ in the establishment of a vigorous Azotobacter flora in a com¬ 
paratively short time. Other soils not far from these plots have been 
found to contain Azotobacter and it may be assumed that natural 
inoculation readily took place. It is not uncommon to find adjacent 
plots or areas of natural soil one of which contains Azotobacter while 
the other does not. 

Summary of Tables XI and XII 


Number of soils examined. 154 

Number of soils containing Azotobacter. 42 

Number of soils not containing Azotobacter. 112 

Average mgm. nitrogen fixed, 148 soils. 5. 30 

Average mgm. nitrogen fixed, 40 soils containing Azotobacter. 7.35 

Average mgm. nitrogen fixed, 108 soils not containing Azotobacter. 4. 53 

Number of soils electrometric Ph 6.0 or above. 60 

Number of soils electrometric Fh below 6.0. 94 

Number of soils colorimetric Ph 6.0 or above. 57 

Number of soils colorimetric Ph below 6.0. 97 

Number of soils electrometric Ph 6.0 or above containing Azotobacter. 32 

Number of soils electrometric Ph 6.0 or above not containing Azotobacter. 28 

Number of limed soils electrometric Ph 6.0 or above not containing Azotobacter. 24 

Number of normal soils electrometric Ph 6.0 or above not containing Azoto¬ 
bacter . 4 

Number of soils electrometric Ph below 6.0 containing Azotobacter. 10 

Number of soils electrometric Ph below 6.0 not containing Azotobacter. 84 


















932 


Journal of Agricultural Research v#i. xxiv, No.« 


Number of soils colorimetric Ph 6.0 or above containinj^ Azotobacter. 31 

Number of soils colorimetric Ph 6.0 or above not containing Azotobacter. 36 

Number of limed soils colorimetric Ph 6.0 or above not containing Azotobacter. 33 
Number of normal soils colorimetric Ph 6.0 or above not containing Azotobacter. 4 

Number of soils colorimetric Ph below 6.0 containing Motobacter. xi 

Number of soils colorimetric Ph ^low 6.0 not containing Azotobacter. 86 

Average electrometric Ph, 154 soils. 5. 7 * 

Average colorimetric Ph, 154 soils. 5.70 

Average electrometric Ph, 42 soils containing Azotobacter. 6. 70 

Average electrometric Ph, 112 soils not containing Azotobacter. 5.35 

Average colorimetric Ph, 42 soils containing Azotobacter. 6. 46 

Average colorimetric Ph, 112 soils not containing Azotobacter. $. 42 

Association coefficient based on electromet^c Ph determinations.0,971 

Association coefficient based on colorimetric Ph determinations. o. 968 

Liming is an artificial method by which the reaction of soils can sud¬ 
denly be changed from an unfavorable to a favorable condition for the 
growth of Azotobacter. Unless accompanied by inoculation with Azo¬ 
tobacter, soils that have thus been rendered favorable and do not contain 
Azotobacter should not be classed with soils that normally have a favor¬ 
able reaction and do not contain Azotobacter. For these reasons the 
limed soils with reactions of Ph 6.0 or above and not containing Azo¬ 
tobacter have been separated from the others and are not considered in 
the association coefficient caluclations. 

In Series IV there were 28 soils tested by the electrometric and 26 by 
the colorimetric method (32 different soils) with a reaction of Ph 6.0 
or above that did not contain Azotobacter. Twenty-four of the former 
and 22 of the latter are known to have been limed more or less recently. 
There were, therefore, only 6 unlimed soils with Ph 6.0 or above by one 
of the methods that did not contain Azotobacter. Five of the 6 reacted 
more acid than Ph 6.0 by one of the methods, leaving only i unlimed 
soil definitely more acid than Ph 6.0 and not containing Azotobacter. It 
is probable that lime has been applied to some of the soils of which no 
record is available. In a few instances the data indicate that some 
unknown factor has been influencing the reaction. (Compare soils 413 
with 414, 438 with 439, 399 with 400, and 363 with 364.) It is believed 
that the data on history were incorrectly recorded in a few instances. 
There were 10 soils that reacted electrometrically and 11 colorimetrically 
(13 different soils) more acid than Ph 6.0 in which no Azotobacter were 
recorded. Five of these were less acid than Ph 6.0 by one of the methods; 
not one of the remaining 8 had a t)T)ical Azotobacter growth accom¬ 
panied by good fixation of nitrogen in both samples. 


GENERAL SUMMARY AND DISCUSSION 


Number of soils examined. 

Number of soils containing Azotobacter. 

Number of soils not containing Azotobacter. 

Average mgm. nitrogen fixed, 367 soils. 

Average mgm. nitrogen fixed, 174 soils containing Azotobacter. 

Average mgm. nitrogen fixed, 193 soils not contaming Azotobacter. 

Number of soils electrometric Ph 6.0 or above. 

Number of soils electrometric Ph below 6.0. 

Number of soils colorimetric Ph 6.0 or above. 

Number of soils colorimetric Ph below 6.0. 

Number of soils electrometric Ph 6.0 or above containing Azotobacter. 

Number of soils electrometric Ph 6.0 or above not contiuning Azotobacter_ 

Niunber of limed soils electrometric Ph 6.0 or above not contaming Azotobacter. 


4x8 
X99 
3x9 
6.36 
8.30 
4. 6x 

307 

3 XX 

306 

3 X 3 

42 

24 
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Number of normal soils electrometric Pa 6.0 or above not containing Azotobac* 

ter. 

Number of soils electrometric Pa below 6.0 containinp^ Azotc^acter. 

Number of soils electrometric Pa below 6.0 not contaming Azotobacter. 

Number of soils colorimetric Pa 6.0 or above containing Zotobacter. 

Number of soils colorimetric Pa 6.0 or above not contaming Azotobacter. 

Number of limed soils colorimetric Pa 6.0 or above not containing Azotobacter. 
Number of normal soils colorimetric Pa 6.0 or above not containing Azotobacter. 

Number of soils colorimetric Pa below 6.0 containing Azotobacter. 

Number of soils colorimetric Pa belcH” 6.0 not containing Azotobacter. 

Average electrometric Pa, 398 soib. 

Average colorimetric Pa, 418 soils.... 

Average electrometric Pa, 193 soils containing Azotobacter. 

Average electrometric Pa, 205 soils not containing Azotobacter. 

Average colorimetric Pa, 199 soils containing Azotobacter. 

Avers^e colorimetric Pa, 219 soils not containing Azotobacter. 

Association coefficient based on electrometric Pa determinations. 

Association coefficient based on colorimetric Pa determinations. 


18 


34 

177 

166 


40 

22 

18 

33 

179 

6. 09 

6. II 
6. 88 

5-44 
6. 72 
5 - 56 

0.959 

o. 961 


In this sutQmary there are a few points to which the writer wishes to 
call special attention. Little is known of the practical significance of 
Azotobacter in the nitrogen economy of vsoils. After carefully reviewing 
all the*available literature and data on the subject Greaves ( 8 ) says: 

In conclusion, it may be stated that, although the part played by Azotobacter in 
maintaining the nitrogen of the soil has not been definitely measured, it is nevertheless 
an important factor. It is, therefore, conservative to state that these organisms under 
favorable conditions add from 15 to 40 pounds of available nitrogen to each acre of 
soil yearly. 

If these figures are a conservative estimate of the quantity of nitrogen 
fixed by these organisms, the presence or absence of such a flora in soils 
is of enormous economic importance. Yet, more than half the soils 
examined during the past few years apparently do not contain Azotobac¬ 
ter. There are organisms present in practically all soils capable of fixing 
some nitrogen under laboratory conditions. The quantity of nitrogen 
fixed under the conditions of these experiments is only approximately 
half as great in the absence of Azotobacter as when they are present. 
It is believed that under actual soil conditions the differences are much 
more marked than these figures indicate. If this important group of 
organisms is absent from such a large per cent of soils, what are the 
factors controlling their presence and absence and how can the unfavor¬ 
able conditions be remedied ? 

In a former publication (2) an apparent close correlation between the 
absolute reaction of the soil solution and the presence of Azotobacter 
in soils was shown. The present data demonstrate the existence of 
such a correlation. By using Yule’s association formula the very high 
coefficient of 0.96 is obtain^, indicating an unmistakable correlation. 
Very few soils in which the hydrogen-ion concentrations exceed i X io“* 
contain Azotobacter, while practically 11 soils with a hydrogen-ion con¬ 
centration less than i x contain an active Azotobacter flora. The 
per cent of soils of different hydrogen-ion concentrations containing 
Azotobacter is found in Table XIV and shown graphically in figure i. 



















934 


Journal of Agricultural Research 


VoL XXIV, No. II 


Table XIII. — Comparison of the presence of Azotobacter, nitrogen fixed, and reaction 
of same soils collected 2 years apart 


Soil No. 

Azotobacter. 

Nitroecn fixed. 

Colorimetric 

P». 

Electrometric 

Ph. 

19 x 8 

1930 

19x8 

1930 

19x8 

X9ao 

X9x8 

X9ao 

X9x8 

X 930 





Mgm. 

Mow. 





I. 

xox 

+ 

+ 

10.3 

XO.7 

6.9 

6.7 


6.71 

2 . 

102 

— 

— 

2.0 

6.3 

5-4 

5-0 


3-78 

3 . 

103 

— 

— 

3 ? 

5-4 

5-6 

5*4 


5.27 


lOA 


4. 

6.8 

X0.5 

6.0 

7.1 



.. 

5 . 

105 

+ 

+ 

5-4 

11.8 

7-1 

7.2 


7.08 

6. 

106 

— 

— 

4-4 

6.x 

S -7 

5-7 


5.25 

IS. 

133 

+ 

+ 

10-3 

135 

7*4 

7*3 



x6. 

136 

— 

+? 

4.0 

10-5 

5-6 

5-4 


4.88 

17 . 

137 

— 

— 

30 

4.3 

5-5 

5-8 


5-58 

i8. 

138 

— 

— 

3-7 

30 

5-6 

S ;4 


5-05 

31. 

XO7 

+ 

+ 

X0.6 

10.2 

75 

7-4 

7-71 

7.70 

32. 

108 

— 

+? 

5-6 

8.5 

5-9 

5-6 

S- 8 s 

5-48 

33 . 

XO9 

— 

+ 

4.0 

9-5 

6.7 

6.6 

6.56 

6.47 

34 i. 

IXO 

— 

+ 

4.5 

7 9 

6.8 

7-4 

6.74 

7.61 

35 . 

III 

+ 

+ 

6.8 

9.1 

7.6 

6.6 

7.62 

6-39 

36 . 


+ 

+ 

9.2 

8.9 

6.0 

5-6 

6.12 

5 - 8 s 

37 . 

XI4 

— 

+ 

5*4 

8.9 

6.2 

5-8 

6.07 

5-59 

38 . 

IIS 

— 

+ 


8.6 

5-6 

S -4 

5-59 

S‘ 5 i 

39 . 

1x6 

+ 

+ 

8.6 

10.0 

6.1 

6.0 

6.05 

590 

40 . 

119 

+ 

+ 

8.1 

9.8 

70 

71 

6.72 

7.00 

49 . 

X26 

— 

— 

2.7 

8. 0 


5*5 

5*03 

5*19 

50. 

127 

— 

— 

4.0 

6.6 

S-8 

5-5 

5*32 


SI. 

X28 

— 

— 

3-2 

5*1 

5-3 

5-9 

5-41 

5*78 

52. 

129 

+ 

+ 

5*5 

10.8 

7-3 

7.6 

7.27 

7*30 

53 . 

130 

+ 

+ 

9.0 

7*3 

7*7 

7*4 

7 79 

7*52 

54 . 

131 

+ 

— 

7-4 

7-7 

6.0 

5.8 

6.08 

5*47 

6 x. 

X 20 

— 

+ 

3*7 

6.0 

5-5 

5.8 

5.51 

5.68 

63. 

124 

+ 

+ 

XI.0 

9.0 

7*4 

6.9 

7.43 

7.06 

64.'•. 

X 22 

+ 

+? 

8.3 

8.6 

6 .x 

5.8 

6.3s 

5*51 

6s . 

123 

— 

+ 

5-2 

8.8 

5*7 

5.9 

5-94 

5*64 

66. 

X 2 X 

— 

— 

3.8 

7.6 

5*7 

S -7 

S.81 


77 . 

134 

— 

— 

4-2 

7.2 

5*6 

5.4 

5-34 

4> 88 

79 . 

143 

4 - 

+ 

7.6 

7.0 

7.7 

8.1 

8.48 

8.77 

80. 

144 

+ 

+ 

9.2 

8.8 

7.6 

7-3 

7.84 

7*72 

82. 

142 

+ 

+ 

8.2 

9-7 

7.7 

7.8 

7.60 

7*59 

83 . 

145 

+ 

+ 

9-9 

7-5 

7.6 

7.2 

7.72 

7*94 


Table XIV.— The number andpercentage of soils of various reactions containing Asotohacter 


Pv reaction. 

Blectrometric. 

Colorimetric. 

Num- 

l^of 

soils. 

Asotohacter. 

Num* 
ber of 
soils. 

Azotobacter. 

Present. 

Absent. 

Present. 

Absent. 




Per 


Per 



Per 


Per 



No. 

cent. 

No. 

cent. 


No. 

cent. 

No. 

cent. 

Above 7.50. 

57 

57 

100 

0 

0 

32 

32 

xoo 

0 

0 

7.00 to 7.49- 

49 

45 

92 

4 

8 

60 

58 

97 

2 

3 

6.50 to 6.99 .... 

33 

27 

82 

6 

18 

45 

39 

90 

6 

xo 

6.00 to 6.49 .... 

38 

30 

80 

8 

20 

47 

37 

80 

xo 

20 

5.50 to 5.99- 

64 

22 

34 

42 

66 

X 22 

24 

20 

98 

80 

5.00 to 5-49 - 

75 

7 

9 

68 

%i 

43 

6 

14 

37 

86 

4.50 to 4.99- 

42 

5 * 

12 

37 

88 

44 

3 

7 

41 

93 

Below 4.50 ;_ 

x 6 

0 

0 

16 

too 

3 

0 

0 

3 

lOO 

Total .... 

374 

193 

... 

x 8 x 

... 

396 

199 


197 

... 
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The existence in soils of an excess.of hydrogen over hydroxyl-ions is 
no longer questioned. In 75 per cent of the 418 soils tested an excess 
of hydrogen over hydroxyl-ions was found whether the concentration 
was measured electrometricaJly or colorimetiically. A large number of 
examples are on record showing the toxic effect of a high concentration 
of hydrogen-ions upon bacteria. The writer has recently shown ( 6 ) that 
pure cultures of Azotobacter will not grow in laboratory media with a 
hydrogen-ion concentration appreciably in excess of i X io“*. 

It is quite generally accepted that soil acidity is indirectly responsible 
for certain plant root diseases, and it is possible that the influence of the 
absolute reaction of the soil solution upon Azotobacter here indicated 
is also indirect. However, since the same identical limiting hydrogen-ion 
concentration has been found with pure cultures, in laboratory media (6) 
as in soil solutions, it is believed that the recorded absence of this group 
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Fto. X. —Percentage of soils of different reactions containing Azotobacter 

of organisms in the soils examined is in most instances correct and is 
direcSy due to the toxic effect of the high concentration of hydrogen-ions 
existing in the soil solution. Furthermore, it is believed that the maxi¬ 
mum hydrogen-ion concentration tolerated by this group of organisms 
is very near i x io~* in soils as well as in laboratory media. Whether or 
not ^e hydrogen-ions are the ultimate limiting agent, the fact has been 
clearly established that the two are definitely associated. It is also 
evident from the data accumulated in this laboratory and shown else¬ 
where (3) that the same factors that will raise the hydrogen-ion concen¬ 
tration of a soil solution appreciably above, or lower it below, 1X io“* 
will also render the soil capable or incapable, as the case may be, of sup¬ 
porting an Azotobacter flora. 

How can the unfavorable conditions for the existence and growth of 
Azotobacter in soils be corrected? Attention has been called to the 
fact that a reduction in the hydrogen-ion concentration is probably the 
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one essential condition to be fulfilled, in rendering a soil capable of 
supporting Azotobacter. This has bera accompli^ed experimentally 
in a number of different ways. Perhaps the simplest and most eco¬ 
nomical one is the addition of sufficient lime to reduce the hydrogen- 
ion concentration to a point below i X io“*. Attention has also been 
called (j) to the ease with which this can be done in the labomtory. 
In a forthcoming publication it will be shown that the same is true 
under natural soil conditions. The most acid soil that has been en¬ 
countered locally required approximately 18,000 pounds of calcium 
carbonate to reduce the acidity to below Ph 6.0. Three years ago 
sufficient lime to accomplish this was added under natural conditions 
accompanied by inoculation both with soil containing Azotobacter and 
with cultures grown in the laboratory. These plots still contain a vigor¬ 
ous Azotobacter flora and will fix, in laboratory media, two to three times 
as much nitrogen as will adjacent, similarly inoculated, unlimed plots 
from which the Azotobacter disappeared within a few days following 
inoculation. 

It is not the purpose of this paper to advocate the use of lime and 
Azotobacter inoculation solely as a means of aiding the maintenance of 
the nitrogen supply of soils. For, while it is believed that this factor 
alone would justify the expense, the economic phases of the proposition 
have not been sufficiently investigated. 

Experiments are now under way that promise to solve this phase of 
the problem locally. However, it is generally agreed that permanent 
agriculture is impossible without a soil sufficiently supplied with lime. 
Nature has provided ample means for maintaining the nitrogen supply 
of native soUs. The American farmer has so ignored nature’s methods 
that many soils have become depleted of their nitrogen supply and are 
productive only when supplied artificially with nitrogen at an enormous 
expense. One of nature’s methods is ffirough the agency of different 
types of nitrogen-fixing bacteria. One essential requirement of these 
organkms is a low hydrogen-ion concentration in the soil. While the 
quantity of nitrogen fixed by these organisms might not alone justify 
the expense of maintaining a low degree of acidity, this factor, coupled 
with the other recognized ph)rsicochemical benefits to the soil and physio¬ 
logical benefits to the growing plants, would unquestionably justify 
such a practice. The possible influence of adequate liming upon the 
nitrogen economy of the soil is mentioned as an added stimulus to the 
use of lime. 

Another point to be noted is the general similarity of results, whether 
based upon the electrometric or the colorimetric method of determining 
the hy^ogen-ion concentration of the soil solution. The individual 
determinations frequently do not agree as closely as might be desired. 
Yet the conclusions, so far as this study is concerned, would be identical 
regardless of data upon which they were based. In a general way the 
farther removed from neutrality, the wider the variation between the 
two methods. The electrometric method usually recorded a higher or 
lower hydrogen-ion concentration, as the case might be, than the colori¬ 
metric method if the soil were appreciably add or alkaline. It is believed, 
however, that the graeral agreement between the two methods is suffi- 
dently close to justify the use of the much quicker and less ocpensive 
colorimetric method as an aid in the solution of many soil problems, par¬ 
ticularly where the initial expense prohibits the purchase of the necessary 
expensive electrometric apparatus. 
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The possibility of a biological means of determining the lime require¬ 
ments of soils is indicated by the data here presented. If a series of 
groups or of individual microorganisms with definite limiting hydrogen- 
ion concentrations could be isolated from soils it would only be necessary 
to determine the presence or absence of certain species in order to estab¬ 
lish the absolute reaction of the soil solution in situ. Furthermore, it 
would be comparatively simple to ascertain how much lime to add in 
order to render the soil capable of supporting the various species. It 
has been possible to determine with an accuracy of a few hundred pounds 
the quantity of lime necessary to add to soils more acid than Ph 6.0 in 
order to render them capable of supporting Azotobacter. It is believed 
that not until the plant physiologist hsis established the optimum and 
limiting hydrogen-ion concentrations of the soil solution for the various 
agricultural plants, and the bacteriologist has associated these limits 
with definite groups of microorganisms, will a true and accurate physio¬ 
logical basis for determining and correcting the reaction of soils be 
possible. Azotobacter can now be used as a biological means of separat¬ 
ing soils into two groups, depending upon reaction; and the quantity 
of lime necessary to change the reaction of the more acid group into the 
less acid group can be definitely determined. 

CONCLUSIONS 

(1) Seventy-five per cent of the 418 soils examined were found to be 
acid. Fifty per cent were more acid than Ph 6.0 and 50 per cent appar¬ 
ently did not contain Azotobacter. 

(2) In general the electrometric and colorimetric methods of determin¬ 
ing the hydrogen-ion concentration of the soil solution agreed. 

(3) A definite and very close correlation has been established between 
the absolute reaction of the soil solution and the presence or absence 
of Azotobacter in the soil. 

(4) Very few soils more acid than indicated by a hydrogen-ion con¬ 
centration of I X 10"® contain Azotobacter, while this group of organisms 
is in most instances present in soils with a lower hydrogen-ion concen¬ 
tration. Since a very similar limiting hydrogen-ion concentration has 
been found for pure cultures of Azotobacter in laboratory media, it is 
believed that the very close correlation existing between the reaction 
and the presence of Azotobacter indicates that the absolute reaction is 
of paramount importance, if not the actual limiting factor, in controlling 
the presence of this group of organisms in soils. 
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A STUDY OF FACTORS AFFECTING THE NITROGEN 
CONTENT OF WHEAT AND OF THE CHANGES THAT 
OCCUR DURING THE DEVELOPMENT OF WHEAT» 

By Gsorgs a. Olson* 

Chemist, Washington Agricultural Experiment Station 
INTRODUCTION 

The subject matter of this paper pertains to a study of the nitrogen 
content of wheat produced under various experimental conditions and 
a study of changes that occur during the development of wheat. The 
investigation had its inception in studies of nitrogen content of wheat 
by Thatcher {31, 32, 33)? 

In the States of California, parts of Idaho, Montana, Oregon, Utah, 
and Washington, wheat, irrespective of variety, generally develops large, 
plump kernels of comparatively soft texture. The nitrogen or gluten 
content of these soft wheats is variable, with localized districts apparently 
more favorable to the production of wheat with high percentages of 
‘ nitrogen or gluten than is observed in others. Farther east, in the States 
of North Dakota, South Dakota, Nebraska, Kansas, Minnesota, Missouri, 
and Iowa the wheat kernels, generally, are of smaller size. These 
smaller-sized kernels, however, may be plump yet the texture of the 
grain may be comparatively harder. The percentage of nitrogen or 
gluten in this harder type of wheat varies but, generally speaking, 
is comparatively higher than in the softer wheats. 

The influence of exchange of seed, breeding new varieties, selections 
for nitrogen content, soil types, soil treatment, fertilizers, water, and 
temperature on the percentage of nitrogen in wheat have been studied 
by various investigators. From the results of investigation, it is held 
that the variation in composition of wheat is due, chiefly, to variation 
in environmental conditions, such as rain, sunshine, humidity of the 
atmosphere, methods of harvesting, methods of cultivations, and amount 
of manure. The effect of continuous cropping, rotation, the method 
and time of sowing seed, including the quantity and quality of the 
^d sown, have also been studied. With the exception of irrigation, 
the first three of these conditions are wholly uncontrollable; the remainder 
of them can be regulated, and it is to these that the investigational work 
has been and should be directed to determine whether or not the nitrogen 
content of wheat can be increased. 

HISTORICAL REVIEW 

EFFECT OF CUMATE ON NITROGEN CONTENT OF WHEAT 

Over 60 years ago, Lawes and Gilbert (7) concluded from their experi¬ 
ments that long periods of growth produced plump kernels of low nitrogen 
content. Later these men (<f) stated that— 

a season favorable for lon^ and continuous growth after heading, produced well devel¬ 
oped kernels and larger 3pelds; the nmture grain developed under the most favorable 
conditions contained a high amount of starch and a low amount of pota^, phosphoric 
add, and nitrogen. 

^ Accepted for ptiblicKtioo Oct. z7» tgat, 

* The author desiree to thank Alexander Carlyle, I,. F. Seneco, and Sam Bockman for their assistance in 
looldnf alter tlie field work. 

> Reference is made by number (italic) to ** Literature used/' p. 95x~953- 

Jpumal of Agricultural Research, 

Washington, D. C. 
aei 

43326—23 -6 


Vol. XXIV, No. Sf 
June i6, xpaj 
Key No. Wash ,-3 





940 Journal of Agricultural Research vd. xxiv, No. n 


Richardson {i8) and Brewer (j) concurred that climate exerted the 
greatest influence. According to Wiley (jq, p. 244; 40) a cool climate 
and short periods of growth are favorable for high protein, while a warm 
climate and long periods of growth are favorable for low protein content. 
Jensen (6) expressed the opinion that a “continental climate" was 
favorable to the formation of a small grain of high nitrogen content. 
Schindler (79) concluded that a warm, moist climate prolonged the 
kernel development, resulting in a high starch and low protein wheat. 
Melikov (75) gave heavy rainfall as the cause for low nitrogen content in 
wheat. I/eClerc (9) deduced that the differences in composition for 
any one locality from season to season was due to varying weather con¬ 
ditions. The differences in composition of wheat analyzed by him for 
different localities were pronounced. Williams (47) stated that varia¬ 
tion in protein was independent of variety and of soil treatment. He 
ascribed it to seasonal influences. When the wheat was small or shrunken 
the protein content was high and vice versa. Thatcher, in a study cor¬ 
relating the protein content of wheat with the rainfall in various districts 
from which samples were taken, observed that the protein content 
varied inversely with the total rainfall {35). According to Deherain {5), 
slow ripening was favorable to a heavy yield of wheat with average 
gluten content, while hot summer conditions were favorable to rapid 
ripening and high gluten content. 

LeClerc {9,p. 202), in making a comparative study of the composition of 
wheat grown under arid and humid conditions, concluded from his 
experiments that the nitrogen content is higher in the wheat grown on 
the arid and semiarid land than it is found in wheat grown on humid and 
irrigated land. In other words— 

an excessive amount of rainfall or irrigation is always accompanied by a crop contain¬ 
ing a very low percentage of protein. 

IRRIGATION WATER 

Investigations pertaining to the influence of water on composition of 
grain have been carried on over a comparatively long period. The 
irrigation investigations in charge of the Utah Agricultural Experiment 
Station are especially valuable, and show how tlie nitrogen content 
of the grain is increased through the judicious use of water. The report 
of a progressive study of the nitrogen content of grain by Widstoe (57) 
in 1921 shows that large applications of water may increase slightly the 
percentage of protein in wheat. The percentage of nitrogen in spring 
wheat decreases with the increased use of water, ranging from 15.26 per 
cent protein for 20 inches to 26.7 per cent protein for 4.63 inches. With 
applications of water ranging from 8.89 indhes to 40 inches, the variation 
in nitrogen content is found to be irregular, but the 40-inch application 
of water shows higher protein than is found in the wheat receiving either 
21 or 30 inches of water. 

The time of applying the water appears to be very important, since 
Widstoe and Stewart {38) find that the protein content of wheat de¬ 
creased from 18.05 per cent to 15.98 with the increased use of water 
after the middle of July. When water is applied before the first of 
July, the protein content of the wheat is increased. Stewart and Greaves 
(28) concur with LcClerc (9, p. 202) that wheat grown on arid non- 
irrigat^ land contains more protein than is found in wheat grown on 
adjoining irrigated land. Prianischnikov (77) finds that high per- 
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centages of water in the soil lowers the nitrogen content of the grain. 
He also finds that the growing period for the wheat, undoubtedly due 
to a weaker soil solution and especially the concentration of nitrates 
which are inadequate for the best development, is shortened with the 
use of an increased water supply. Von Seelhorst and Krzymowski (21) 
also find that the ripening period may be shortened by keeping the 
water content of the soil up to 85 per cent of its capillary capacity. 

Preul (j 6) studied the influence of variable amounts of water on 
the composition of wheat grown on soil rich or poor in fertility. He 
found that the nitrogen content of the wheat was high when the appli¬ 
cation of water was kept constantly low. A lack of water during the 
late stages of growth caused a comparatively low nitrogen content in 
the grain. 

Shutt (24, 25) states that the wheat grown on newly cleared scrub 
land compared with wheat grown on fallow or cultivated land is physi¬ 
cally softer, “piebald,” more starchy, and lower in nitrogen content. 
This finding, he believed is due to the larger amount of water contained 
in the newly cleared scrub land, causing a prolongation of the growing 
period of the plant. 

SOIL AND FERTILIZERS 

The soil as a factor in influencing the composition of wheat has been 
studied. Thatcher (52), LeClerc (//), and Shaw and Walters (22) are 
of the opinion that the composition of soil has very little, if any, influ¬ 
ence on the composition of grain. Shaw and Walters state that the 
soil nitrogen content has little, if any, direct influence upon the nitrogen 
content of grain and that the factor of climate is sufficient to entirely 
overshadow the soil factor. In connection with these experiments, the 
work of other investigators on the influence of fertilizers should not be 
overlooked. Snyder (26) states that— 

increasing the amount of nitrogen in the soil, increases the amount of nitrogen in 
the grain. 

Ames (i) shows that, without exception, application of nitrogen fer¬ 
tilizer increased the nitrogen content of the grain. The proportion of 
phosphorus, potassium, and nitrogen in the wheat plant is increased 
by the addition of these elements to the soil. Whitson, Wells, and 
Vivian (36) believe that under the same seasonal conditions the most 
important factor in causing variation in the composition of crops is the 
amount of nitrates in the soil. On the other hand, Soule and Van 
Atter (27) state that the use of fertilizers on the growing of wheat in a 
rich soil did not appreciably increase the protein content. 

INVESTIGATIONAL WORK 

I. Factors affecting the nitrogen content op wheat 

EFFECT OF WIDTH OF ROWS ON NITROGEN CONTENT OF WHEAT 

In the earlier investigational work undertaken at this experiment 
station on the influence of length of growing season, soil, or climatic 
condition on the percentage of nitrogen in wheat, methods of preparing 
the soil and s«» eHiTi g were followed which were not considered a part of 
the investigation but which undoubtedly played a.very important part 
in the results obtained. 
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It was found that the percentage of nitrogen in the fall-sown wheats 
was only slightly lower than that in the spring-grown wheat. These 
similarities in nitrogen content have indicated that there are some 
factors, beside the length of the growing season, which have influenced 
the formation of wheat of high nitrogen content. It was further found 
that wheat grown in the nursery plots contained more nitrogen than was 
found in wheat grown in variety-test plots or under practical farming 
conditions. The wheat grown in the nursery contained i8 ^r cent 
more nitrogen than was found in the wheat grown in the variety-test 
plots, and this nitrogen content was considerably higher than was found 
in the wheat grown under field conditions. These outstanding differences 
in the percentages of nitrogen pointed to tlie influence of the method of 
preparing the soil on the composition of the wheat. It was observed 
that the wheat grown in the njirsery plots was sown in rows i8 inches 
apart, while the wheat grown in the variety-test plots was seeded 6 inches 
apart. Furthermore, the nursery plots received a very thorough culti¬ 
vation, a practice which was not followed in the variety-test plots. These 
differences in soil treatment and seeding undoubtedly played a very 
important part in the development of wheat containing different amounts 
of nitrogen and also indicated the possible reason for ^e similarity of the 
percentages of nitrogen in the fall-sown and spring-sown wheats. 

The study of the influence of cultivation on wheat sown in rows different 
distances apart was, therefore, undertaken. ITie wheat was sown in 
rows 6, 9, 12, 15, and 18 inches apart. That sown 6 and 9 inches apart 
could not be properly cultivated but represented farm methods on well- 
prepared soil. A sample of the same wheat grown on another plot was 
also analyzed for the purpose of making a comparison of the nitrogen 
content of the wheat grown in the nursery with that under field con¬ 
ditions. The results are given in Table I. 

Tabi,!} I .—Percentage of nitrogen in wheat (hybrid J43) sown in rows various distances 

apart and cultivated 


Treatment. 


Field grown. 

Nursety grown: 

6 inches apart, end rows. 

6 inches apart, middle rows. 

9 inches apart, end rows. 

Q inches apart, middle rows. 
12 inches apart, end rows.... 
12 inches apart, middle rows 
15 inches apart, end rows.... 
15 inches apart, middle rows. 
18 inches apart, end rows.... 
18 inches apart, middle rows. 


Fall wheat. 

Spring wheat. 

Nitrogen. 

Increase 
over field. 

Nitrogen. 

Increase 
over field- • 

Per cent, 

2. II 

Per cent. 

Per cent. 

Per cent 

2. 30 

9.0 

2. 50 

18. s 

2-35 

II. 4 

2.56 

21-3 

2.38 

12.8 

2. 46 

16. 6 

2. 32 

10. 0 

2. S 3 

19.9 

2. 54 

20. 4 

2.58 

22. 2 

2. 48 

17-5 

2.68 

27. 0 

2. 53 

19.9 

2. 55 

20. 8 

2. 47 

17.1 

2. 56 

24. 6 

2. 66 

26.1 

2. 56 

21.3 

2.66 

26. X 

2. 77 

31-2 


* Calculated using (a.xi per cent) field sample of fall wheat as a basis. 

It will be noted that the smallest increase of nursery-growa over 
field-grown wheat is 9 j^r cent, while the largest increase is 31.2 per cent. 
The fall wheat grown in rows 18 inches apart in the nursery wows 15 
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per cent increase in nitrogen over that grown in rows 6 inches apart. 
The same comparison with spring wheat shows a 10.8 per cent increase, 
llie amount of nitrogen in the spring wheat containing the lowest per¬ 
centage of nitrogen is 6.95 per cent greater than the corresponding fall 
wheat. Comparing the highest percentages in spring and fall wheats, 
it is found that the amount in the spring wheat is greater by 4.1 per cent. 

From the results in Table I it will be noted that the nitrogen content 
of the wheat was increased by increasing the distance between the rows. 
This is more noticeable in the fall than in the spring seeding. Omitting 
the rows of 6 and 9 inch seeding, the percentage of nitrogen in the fall 
and spring is only slightly in favor of the latter. Owing to the fact that 
the extremes of variation in nitrogen are not as marked in the spring as 
in the fall seeding, it is of interest to note that the fall-sown wheat shows 
a slightly higher nitrogen content for the wheat grown in the rows next 
to the end than in the middle rows, with the exception of that grown 18 
inches apart, where there is no difference observed. The spring wheat 
shows higher results for nitrogen in the middle rows than it does for those 
next the end. 

• 

EFPIJCT OP VARYING AMOUNTS OF WATER AND WIDTH OF ROWS ON NITROGEN CONTENT 

In a subsequent experiment, a study of the influence of varying 
amounts of water on the nitrogen content of wheat was made. The 
field was divided into two series of plots, and two varieties of wheat 
were grown on them. The rows were sown 6, 9, 12, 15, and 18 inches 
apart. The amount of water used in the experiment ranged from 8.78 
inches rainfall to 12, 16, and 20 inches. The land was cultivated at 
various times during the growing period in order to remove v^eeds and 
maintain a mulch. The average results for nitrogen content of the 
wheat are recorded in Table II. 

Table II. — Average percentage of nitrogen in wheat grown on cultivated plotr receiving 

varying amounts of water 




Plot 1,8 78 

Plot II, 12 

Plot III, 16 Plot IV, 20 

Variety. 

Distance. 

inches of 

inches of 

inches of 

' inches of 



water.* 

water 

water. 

1 water. 


Inches. 






{ ^ 

2.37 

2.36 

2. 23 

2 . 22 


9 

2. 13 

2. T3 

2 * 15 

2. 03 

Sonora. 

1 12 

2. 01 

2. 21 

2. 21 

2. 17 



2. 26 

2. 21 

2. 12 

2.30 


1 18 

2 ' 53 

2. 46 

2.31 

2.48 

Average. 


2. 26 

2. 27 

2. 20 

2. 24 




6 

2. 21 

2 - 13 

, 2. 2Q 

2. 25 


9 

2.03 

1.88 

1.88 

2. 12 

Hybrid . 

12 

2. 03 

2. 06 

2. 04 

2. 16 


2. 08 


15 

2. 02 

2-39 

I. 89 


18 

2. 17 

2. 42 

2 20 1 

2. 30 

Average. 


2. 09 

2. 18 

2. 06 1 

2. 18 




^ Total precipitation at Grandview in 1914 was 8.78 indies. 
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There are some abnormal results which undoubtedly are due to the 
washing of the plant food from some of the plants toward others, because 
the lowest results for nitrogen were obtained where the irrigation water 
entered the plots while the highest results were found in the adjacent 
rows. 

In general, the composition of the wheat grown on plots receiving 20 
inches of total water shows approximately as high nitrogen content as 
was found on any of the other plots. The spreading of the rows 18 inches 
apart appears to have influenced the nitrogen content of the wheat. 

The following year the experiment was repeated with the exception 
of distributing the irrigation water, especially for the 16 and 20 inch 
irrigated plots, over a longer period. The purpose of this change was to 
prevent an excessive dilution and washing of the plant food. The re¬ 
sults for nitrogen are recorded in Table III. 

Table III. —Average percentage of nitrogen in wheat grow 7 i on cultivated plots receiving 

varying amounts of water 




Plot I. 

Plot II, I a 

1 Plot Ill.ift 

Plot IV, ao 

Variety. 

Distance. 

rainfall 

inches of 

1 inches of 

inches of 


only.'* 

water 

water. 

water. 


Inches. 

Per cent. 

Per cent. 

1 Per cent. 

Per cent. 


6 

I. 96 

2. 20 

! 2.41 

2. 22 


9 

1.91 

2. 05 

1 2.17 

2. 10 

Sonora... 

12 

1.97 

2. 08 

2. 12 

2. 10 

1 2.08 

2. 20 
2. 17 


15 

2.15 


18 

2.44 

2. 21 

2.21 

2. 29 

Average. 


2. 07 

2- 15 

2.20 

2. 20 




6 

1.83 

2.16! 

2.30 

2. 21 


9 

i.8r 

1 .811 

1-93 

2. 10 

Hybrid lat. 

12 

I. 81 

1-97 1 

2. 00 

2. 08 


i 

15 

2. 01 

2. 20 1 

1. 98 

2. 06 

i 

18 

2. 21 

2 44 ! 

1 

2. 14 

2. 24 

1 

Average . i 


I 93 

1 

2. 12 j 

0 

00 

2. 14 


o Total precipitation at Grandview in 1914 was 8.78 inches. 


The wheat sown in rows i8 inches apart has evidently been benefited, 
since it contains more nitrogen than was found in wheat sown in rows 
6 and 12 inches apart. 

II. CHANGES THAT OCCUR DURING THE DEVELOPMENT OF WHEAT 
distribution of nitrogen in kernel and plant 

In order to know more definitely what conditions are beneficial to the 
production of high percentages of nitrogen in the grain it is of consider¬ 
able importance to know something with regard to the amount of nitrogen 
in the whole plant as well as different parts of the plant, especially after 
the development of the kernel has commenced. For this study, plants 
of nearly equal leng^s and weights were selected at 7-day intervals. 
Nitrogen determinations were m^e on the stems and leaves between 
the joints or nodes, above the top node, and on kernel and chaff. The 
data in Table IV show the percentages of nitrogen in the plant exclusive 







June i 6 ,1933 


Factors Affecting Nitrogen Content of Wheat 


945 


of kernels, pa*centage of nitrogen in kernels, average weight of kernel, 
total and average weight of nitrogen in kernel. The data in Table V 
show the grams of nitrogen in the chaff, above the top nodes, below the 
top node, below the second node from top, and in some cases (when 
present) below third node, as well as total weight of nitrogen in the 
plants. 


Table IV .—Percentage distribution of nitrogen in plant and kernels, Hegnauer tract 



1 

Nitrogen i 


Average 

Total 

Average 

Date 

in plant, 


weight of 

, nitrogen in 

nitrogen in 


not kernel 


kernel. 

, kernels. 

1 

kernels. 


Per cent 

Per cent. 

Gm. 

Gm. 

Gm 

July I. 

0.871 

2.23 

0.00402 

0.00709 

0.0000885 

8. 

. 800 

2. 12 

. 00976 

•0155 

. 000207 

15 . 

•571 

I. 98 

•0130s 

•015s 

. 0002 58 

22 . 

•529 

1.87 

. 0298 

. 0484 

.000557 

29 . 

. 460 1 

i-Si 

•0356 

•0334 

. 000528 


Tabli^ V .—Weight and distribution of nitrogen in wheat plants Hegnauer tract 




Above top 

Below top 

Below see- 

Below 

Total 


cnau. 

node. 

node 

ondnodc 1 

third node. 

plant 


Gm. 

Gm. 

Gm 

Gm 

Gm 

Gm. 

July I. 

0. 0074 

0. 0196 

0.00569 

0. 00540 

0. 00239 

0. 04757 

8. 

. 0076 

. 0102 

. 0092 

. 0042 

. 0029 

. 0496 

15. 

. 00401 

. 0091 

.0056 

. 0042 

. 0020 

. 04041 

22 . 

. 0048 

. 0089 

.0065 

. 0022 


. 0408 





. 0022 

.0038 

. 0012 

. 0014 

1 


. 0420 

. 





It is a well-established fact that the percentage of nitrogen in the 
plant proper decreases with the continuous growth of the plant. This 
is 1 clearly seen from the results given in Table IV, which also shows 
the nitrogen percentage of the kernel decreasing with the progressive 
development and increased weights of the kernel when grown under field 
conditions. 

The weight distribution of the nitrogen in the several parts of the 
plant furnishes us some interesting data regarding the changes that take 
place as the kernels develop in size. It will be seen from the data given 
in Table V that the nitrogen (reading down the column) moves from the 
lowest to uppermost part of the plant, and the nitrogen is evidently the 
first to be drawn upon for the formation of the kernels. At the time of 
the filling of the kernel the highest percentage of nitrogen is found in 
the part of the plant above the top node and in the chaff, and the lowest 
percentage of nitrogen is found in the part below the lowest node. As 
the nitrogen enters into the kernel, the quantity in the chaff appears to 
be depleted first, followed by the final draft from the straw above the 
top node. Therefore, if the conditions are favorable for normal develop¬ 
ment, all of the excess nitrogen in the different parts of the plant will be 
moved upward and transferred into the kernel. 



















946 


Journal of Agricultural Research 


Vol. XXtV, No.« 


B 1 V 8 CT at IRRIGATION WAT 8 R ON WRIGHT OP KBRNBL AND VARIATION OP NTTROOBN 

DURING GROWTH 

It is generally believed that the final filling of the kernel takes place 
some time immediately after the grain has been cut. This belief has 
been based almost entirely on theory, and there is nothing in lit^ture 
of a scientific nature that informs us as to its correctness. The impor¬ 
tance of water in assisting the transference of the nitrogen into the grain 
has been studied, so that we are aware of the influence of water in increas¬ 
ing the weight and nitrogen content of the grain in the early stages of 
kernel development. 

The plan for the first year of the experiment was to study the nitrogen 
composition of the developing grain at intervals of one week. The land 
was divided into five different plots as follows: Plot I, receiving rainfall 
amounting to approximately 8.78 inches; plot II, irrigated sufficiently to 
make the total rain and irrigation water equal to 15 inches; plot III, 
given 20 inches of water; plot IV, given 25 inches of water; and plot V, 
given 30 inches of water. Blocks of entire plants were pulled at each 
period and stored. Afterwards the grain was threshed out and analyzed. 
The results for average weight of kernels are recorded in Table VI, and 
average results for percentage of nitrogen are recorded in Table VII. 

Table VI .—Weight of grain grown with various amounts of water 


Date. 

Plot I, 
rainfall 
only. 

Plot II, 

JS inches 
of water. 

Plot III, 

30 inches 
of water. 

Plot IV, 

35 inches 
of water. 

Plot V, 

30 inches 
of water. 


Gm. 

Gm 

Gm. 

Gm. 

Gm. 

July I . 

0. 0069 

0. 0052 

0. 0061 

0. 0051 

0. cx^4 

8. 

.0151 

. 0148 

.0144 

.0136 

. 0117 

15 . 

. 02C2 

.0263 

. 0262 

.0238 

.0230 

22'. . . 

.0322 

• 0335 

•0375 

•0347 

.0346 

29 . 

•0333 

• 0356 

.0407 

•0379 

.0398 


Table VII .—Nitrogen in grain grown with various amounts of water 


Date. 

Plot I, 
rainfall 
only. 

Plot II, 

IK inches 
of water. 

Plot III, 
80 inches 
of water. 

Plot IV. 

3 < inches 
of water. 

Plot V, 

30 inches 
of water. 

July I . 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

, 3-00 

3- 21 

3*04 

2* 95 

a. 63 

8. 

2-53 

2.38 

2. ax 

I' 95 

a. 60 

15 . 

2.42 

2. 29 

X. 82 

I. 92 

1.97 

22. 

2. 56 

2.31 

a. 07 

1.97 

2. 04 

29. 

a* 73 

2. 20 

2.14 

X. 92 

2. 02 


The highest average weight of the kernels for the first two weeks of 
development was obtained in the nonirrigated plot I. At the end of the 
third week the weight of the kernels were equally as high in plots II and 

III as in plot I. For the fourth week period and at maturity, the weight 
of the kernels in plots If, III, IV, and V exceeded those of plot I. 

With reference to nitrogen content for the first week, plots I, II, and 

IV have about the same values. Wheat from plot II tested the highest 
and wheat from plot V analyzed the lowest for nitrogen content. In the 
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second week the results for nitrogen were in favor of wheat grown on 
plot II with plot I wheat showing nearly as much nitrogen. At the 
third, fourth, and maturity periods the highest nitrogen content was 
found in plot I wheat. Wheat from plots II, III, and IV did not change 
appreciably after the drop in nitrogen from the first to the second week. 
With the exception of the wheat grown on nonirrigated land, it should 
be noted that the varying amounts of water applied had not appreciably 
affected the nitrogen content of the mature grain. 

A subsequent trial was made with two varieties of wheat for the pur¬ 
pose of studying the influence of varying amounts of water when dis¬ 
tributed over a longer period of growth than in the previous experiment. 
The average weights of kernels in the Sonora and Hybrid 143 wheats are 
recorded in Table VIII. 

TablB VIII .—Weight of kernels as influenced by applying varying amounts of water 
over a wide period and then cultivating after water application 


Variety. 

Distance. 

Plot I. 
tainfali 

Plot II, 

X2 inches 

Plot III, 
16 inches 

Plot IV. 

20 inches 

_ / 


only. 

of water. 

of water. 

of water. 


Inches. 

Gm. 

Gm. 

Gm. 

Gm. 

1 

6 

0. 0506 

0. 0503 

o- 0503 

0. 0506 

1 

Sonora.| 

9 

.0499 

.0516 

.0507 

.0520 

12 

.0507 

• 0515 

.0507 

• 0517 

1 

15 

*0505 

.0514 

.0520 

: 0505 



•0515 

.0524 

•0523 

•0503 

1 

6 

•0332 

•0331 

•0344 

•0338 

Hybrid 143. ^ 

9 

.0329 

.0326 

• 0335 

•0327 

12 

•0332 

• 0334 

• 0336 

.0344 

I 

15 

.0327 

• 0330 

.0349 

.0346 

! 

i 

18 

•0343 

.0346 

• 0350 

• 0350 


Apparently, the variation in amount of water used or the distance of 
the rows has not had any effect on the Sonora wheat, since the weights of 
the kernels are fairly uniform, regardless of conditions of the experiments. 
Hybrid No. 142 wheat increased slightly in weight in the 15 and 18 inch 
rows, where 20 inches of water were applied. 

BPFECT OP WATER ON TRANSLOCATION OP NITROGEN 

For the purpose of learning whether or not the placing of the wheat 
plant in water would affect the nitrogen content of the wheat, uniform 
wheat plants were selected and brought to the laboratory. One-half of 
the wheat heads and the grain were removed from three-fourths of the 
samples, and each plant and the grain removed were given corresponding 
numbers. The heads in the other one-fourth of the samples were not 
touched. The plants were divided into two lots, one-half of which were 
placed upright in beakers of water and the other one-half were left 
standing near but were not placed in water. Following the termination 
of the experiment, determinations of the weight and the nitrogen content 
of the grain in both samples were made. The results are recorded in 
Table IX. 
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Table IX.— Influence of water in moving nitrogenous and nonnitrogenous material from 

the stems into the wheat kernel 



Average 

Average 

Average weight 


weight 

percentage 

of nitrogen 


per kernel. 

c$ nitrogen. 

per kernel. 

• 

Out of water: 

Gm. 


Gm, 

Whole heads. 

0. 0071 

2. 62 

0. 000186 

Half heads. 

.0077 

2.38 

. 000183 

In water: 




Whole heads. 

. 012 

3 - 24 

. 000389 

Half heads. 

.015 

3 - 23 

. 000487 


The average weight of the kernels at the beginning of the experiment 
was between 0.0071 and 0.0077 g™- and the nitrogen content varied from 
2.38 to 2.62 per cent. At the close of the experiment, whereas the per¬ 
centages of nitrogen were higher in the whole heads than in the kernels 
of the half heads, the total weight of nitrogen in both instances was 
practically the same. The weights of the kernels and percentage of 
nitrogen in the kernels of the plants which were placed in water had 
increased. The increase in the weight of kernels and the weight of 
nitrogen in the one-half of the kernels left on the head was found to be 
proportionally greater than was obtained for the average of all the 
kernels left intact or, as it is termed in Table IX, the whole heads. In 
other words, the increased amount of material in kernels left on one- 
half the head if distributed to double the number of kernels would have 
given results similar to those found in all the kernels left intact on the 
head. Translocation of plant food material has been brought about, and, 
because of its more highly nitrogeneous character, it is believed that larger 
quantities of water are required to move the nitrogenous matter than 
are required to move the nonnitrogenous matter into the kernels. Accord¬ 
ingly, water should prove beneficial to high rather than low nitrogen 
content. The protein of wheat depends first upon the supply of avail¬ 
able nitrogen {4, v. 10; 5) for the plant, and second upon movement of 
tlie nitrogenous material into the grain. 

RELATION OR PERCENTAGE OF MOISTUP.E IN THE KERNELS TO FILLING 

In addition to investigational work mentioned above, the weight of the 
grain, moisture, starch content, etc., were determined at the various 
stages of the development of the kernels. The samples were collected 
every other day, and observations for maximum and minimum tempera¬ 
ture and relative humidity were recorded. The results for weight and 
moisture content of the kernels have been plotted in figure i. 

Apparently no filling occurs in grain having a moisture content of 40 
per cent or less. The vertical parts of the curves represent measure¬ 
ments made during periods of desiccation. 

The figures for maximum and minimum temperatures and relative 
humidity have not been submitted because it was impossible to show 
conclusive relationship between these figures and those for dhanges of 
weight of kernels during the period of development. There were 
periods in the development, however, where the cooler nights were 
favorable for greater increases in weight than was found to be the case 
where the warmer nights prevailed. Considering the changes in weight 
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of the kernel, it should be noted that there were times when very little in¬ 
crease in weight was obtained while at other periods considerable gain was 
observed. On the whole, it should be noted that the kernels of wheat 
kept on increasing in weight up to the period when the percentage of 
moisture dropped to approximately 40. This period is sometimes spoken 
of as the period of desiccation. The slight fluctuations on the downward 
curve are probably due to variations occurring in method of sampling 



which at this period would be more noticeable, because the kernels were 
heavier, even though the errors were probably not any greater than those 
during the preceding periods of sampling. Any increase in nitrogen 
content must precede a period when the kernels contain 40 per cent 
or more moisture. In the period of embryo development there is con¬ 
siderable moisture in the grain. We also know that in the period of 60 
per"cent or more of moisture, the simpler forms of nitrogen material are 
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moving into the kernels at a very rapid rate (75) and during the period 
of decline in moisture content of the grain s^thesize into the material 
known as gluten. 

It is contended by Brenchley and Hall (?) that in the filling of the en¬ 
dosperm part of the kernel the material is uniform and always possesses 
the same ratio of nitrogenous to nonnitrogenous material and ash. 
Thatcher {33, 34,) found that the ratio of protein to carbohydrates 
decreased with the progress of the development of the kernel. Regard¬ 
less of this difference in the findings, we should not ignore the possibility 
that changes in composition might be brought about by abnormal 
conditions. 

RBLATION OF NITROGEN TO PHOSPHORUS 

In the investigations by Brenchley and Hall (?) it has been shown 
that the ash and the phosphoric acid enter the grain simultaneously 



Fig. a.—Relative time of entrance of phosphoric acid and nitrosen into three varieties of wheat 


with the nitrogen. These results have been confirmed, and the graphs 
for nitrogen and phosphoric acid are shown in figure 2, 

It is evident tl^t not only nitrogen but phosphoric acid as well must 
be available in sufficient quantities in the soil if high-nitrogen wheat is 
to be obtained. It should be further noted that the amount of nitrogen 
entering into the kernels at the earliest stages of development is pro¬ 
portionally larger than is the case in subsequent stages of development. 
The embryo is developed and perfected in this early stage and undoubt¬ 
edly the larger amount of nitrogen required at this period is for the con¬ 
struction of the embryo. Following the development of the embryo we 
observe that the phosphoric acid runs parallel with the nitrogen content 
of the kernel. 
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SUMMARY 

(1) Increasing the distance between the rows seemed to increase the 

nitrogen content of wheat grown in the nursery under nonirrigated con¬ 
ditions at Pullman. ‘ 

(2) Hybrid 143 showed a higher percentage of nitrogen when spring- 
sown than when fall-sown. 

(3) Increasing the distance between the rows did not seem to affect 
the nitrogen content of wheat under irrigated conditions at Grandview. 

(4) The percentage of nitrogen in the kernel decreased as the grain 
matured. 

(5) The nitrogen in the plant moved toward the kernel as the grain 
approached maturity. 

(6) Irrigation did not affect the nitrogen content of wheat. 

(7.) Placing the wheat plant in water moved nitrogen into the kernel. 

(8) Wheat kernels showed little increase in weight after the moisture 
declined to 40 per cent. 

(9) Phosphorus entered the grain simultaneously with nitrogen except 
in the early stages of development. 

LITERATURE CITEB 

(1) Ames, J. W. 

1910. THE COMPOSITION OP WHEAT. INFLUENCE OP VARIOUS FACTORS ON THE 
PHOSPHORUS, POTASSIUM, AND NITROGEN CONTENT OF THE WHEAT 
PLANT. Ohio Agr. Exp. Sta. Bui. 221, 37 p., i col. fold, diagr. 

(2) Brenchlcy, W. E., and Hall, A. D. 

1909. THE DEVELOPMENT OF THE GRAIN OF WHEAT. In Jour. Agr. Sci., V. 3, pt. 

2, p. 195-217, 20%., pi. 15. 

(3) Brewer, William H. 

1883. REPORT ON THE CEREAL PRODUCTION OF THE UNITED STATES. In U. S. 

Dept. Int. Census Off. Rpt. on the Productions of Agr. ... loth Census, 
June I, 1880, [Final Rpt., v. 3], p. 371-553 (i“i73) ^^^ 1 . 98 tables, 16 
col. maps. 

(4) Davidson, Jehiel, and Le Clerc, J. A. 

1917-18. THE EFFECT OF SODIUM NITRATE APPLIED AT DIFFERENT STAGER OF 
GROWTH ON THE YIELD, COMPOSITION AND QUALITY OF WHEAT. In 
Jour. Amer. Soc. Agron., v. 9, no. 4, p. 145-154, 1917; v. 10, no. 5, 
p. 193-198, 1918. 

(5) Deh^rain, P.-P., and Dupont, C. 

1902. suR l’origine de l'amidon DU GRAIN DS BL^. In Ann. Agron., t. 28, 
no. 10, p. 522-527. 

(6) Jensen, J. D. 

1899. SAMMENHAENGEN MELLEM KLIMA OG KORNARTERNES KAERNEST 0 RRELSE. 
In Tidsskr. Dandbr. Planteavl., Bd. 5, p. 138-147. Abstract in Exp. 
Sta. Rec., v. 12, no. 8, p. 737-738. 1901. 

(7) Dawes, J. B., and Gilbert, J. H. 

1858. ON some points in THE COMPOSITION OF WHEAT-GRAIN, ITS PRODUCTS 
IN THE MILL, AND BREAD. In Jour. Chem. Soc. [Dondon], v. 10, p. 1-55. 
Reprinted 1893. 

(S)- 

1884. ON THE COMPOSITION OF THE ASH OF WHEAT-GRAIN, AND WHEAT-STRAW, 

GROWN AT ROTHAMSTED, IN DIFFERENT SEASONS, AND BY DIFFERENT 
MANURES. In Jour. Chem. Soc. [London], v. 45, p. 305-407, 31 tables 
(in text and on pi.). 

(9) Lb Clbrc, j. a. 

1907. THE EFFECT OF CLIMATIC CONDITIONS ON THE COMPOSITION OF DURUM ^ 
WHEAT. In U. S. Dept. Agr. Yearbook, 1906, p. 199-212, pi. lo-ii 
(col.). 

(10) -juid Leavitt, Sherman. 

1910. TRI-LOCAL EXPERIMENTS ON THE INFLUENCE OF ENVIRONMENT* ON THE 

COMPOSITION OF WHEAT. U. S. Dept. Agr. Bur. Chem. Bui. 128, 18 p. 

y 




952 


Journal of A gricultural Research voi. xxiv. No. n 


(11) hn CtmCf J. A., and Yodsr, P. A. 

1914. ENVIRONMENTAL INFLUENCES ON THE PHYSICAL AND CHEMICAL CHARAC- 
TERisTics OF WHEAT. In Jour. Agr. Research, v, i, no. 4, p. 275-291. 

(12) tvoN, T. 

1905. IMPROVING THE QUALITY OF WHEAT. U. S. Dept. Agr. Bur. Plant Indus. 
Bill. 78, 120 p. 

(13) Melikoff, P. 

1900 oNTERSuciiUNG sOdrussischer weizen. In Zhur. Opuitn. Agron. 
(Russ. Jour. Exp. Landw.), t. i, kniga 3, p. 256-265. In Russian. 
German summary, p. 264-265. Abstract in Exp. Sta. Rec., v. 13, no. 
5, p. 451. 1902. 

(14) Olson, Geo. A. 

1917. WHEAT AND FLOUR INVESTIGATIONS. V. Wash. Agr. Exp. Sta. Bui. 144, 
86 p., 15 fig. Bibliography, p. 81-86. 

(15) - 

1917. GLUTEN FORMATION IN THE WHEAT KERNEL. Wash. Agr, Exp. Sta. Bui. 
142, 19 p. Bibliography, p. 18-19. 

(16) Preul, Franz. 

190S. UNTERSUCHUNGEN ObER DEN EINFLUSS VERSCHIEDEN HOHEN WASSER* 
GEHALTES DES BODENS IN DEN EINZELNEN VEGETATIONSSTADIEN BEI 
VERSCHIEDENEM BODENREICHTUM AUF DIE ENTWICKELUNG DBR SOM- 
MERWEIZENPFLANZE. In Jour. Landw., Bd. 56, Heft 3, p. 229-271, pi. 


(17) Prianischnikov, [D.] 

1900. ITEBER DEN EINFLUSS DER BODENFEUCHTIGKEIT AUF DIE ENTWICKELUNG 
DER PFLANZEN. In Zhur. Opuitn. Agron. (Russ. Jour. Exp. Landw.), 
t. I, kniga i, p. 1-20. In Russian. German summary, p. 19-20. 
Abstract in Exp. Sta. Re6., v. 13, no. 7, p. 631. 1902. 

(18) Richardson, Clifford. 

1884, INVESTIGATIONS OF AMERICAN CEREALS AND THEIR PRODUCTS. In IJ. S. 


Dept. Agr. Rpt., p. 70-122. 

(19) Schindler, Franz. 

1893. DER WEIZEN IN SEINEM BEZIEHUNGEN ZUM KLIM A UND DAS GESETZ DER 
KORRELATION. EIN BElTRAG ZUR WISSENSCHAFTLICHEN BEGROnDUNG 
DER pflanzenbaulEhre. xii, 175 p., I pi. Berlin. 

(20) Seelhorst, Conrad von, and Panaotovic. 

1899. EINFLUSS DER STANDWEITE AUF DIE AUSBILDUNG UND DIE CHEMISCHE 
zusammensetzung DER PFLANZEN. In Jour. Landw., Bd. 47, Heft 4, 
, ^ p- 379-389. 

(21) -and Krzymowski. 

• 1909. DAS reifen verschiedener sommerweizen-varietAten bei ver- 
SCHIEDENER BODENFEUCHTIGKEIT. In Jour. Landw., Bd. 57, Heft i, 
p. II3-II4. 

(22) Shaw, G. W., and Walters, E. H. 

191I. A progress REPORT UPON SOIL AND CLIMATIC FACTORS INFLUENCING THE 

y • coMPOsmoN OF WHEAT. Calif. Agr. Exp. Sta. Bui. 216, p. 549-574^ 

I fig. 

(23) Shepperd, J. H., and TenEyck, A. M. 

1901. WHEAT FARMING EXPERIMENTS AND SOIL MOISTURE STUDIES. N. Dak. 
Agr. Exp. Sta. Bui 48, p. 733-781, 2 fig. 

(24) Shutt, Frank T. 

1908. report of THE CHEMIST. In Canada Exp. Farms Rpts.,[i907]/o8, p. 


the influence PE 
In Jour. Bd. Agr. 


1910. chemical WORK ON CANADIAN WHEAT AND FLOUR. 

ENVIRONMENT ON THE COMPOSITION OF WHEAT, 

[London], v. 17, no. 3, suppl. 4, p. 62-66. 

(26) Snyder, Harry. 

1907. soil INVESTIGATIONS. Minn. Agr. Bm. Sta. Bui. 102, 38 p., 4 fig. 

(27) Soule, Andrew M., and Van Atter, Phares O. 

1900. experiments WITH WINTER WHEAT, 

no. 2, 24 p., 6 fig. 

(28) Stewart, Robert, and GreavEs, J. E. 

1909. A STUDY OF THE PRODUCTION AND MOVEMENT OF NITRIC NITROGEN IN 
AN IRRIGATED SOIL. Utah Agr. Exp. Sta. Bui. 106, p. 65-96. 


Tenn. Agr. Exp. Sta. Bui., v. 13^ 



June x6.2923 


Factors Affecting Nitrogen Content of Wheat 953 

(29) Thatcher, R. W. 

1907. WHEAT AND FLOUR INVESTIGATIONS. CROP OF I905. Wasll. Agf. Exp. 
Sta. Bui. 84. 48 p., 3 pi. (in text). 

(30) - 

1910. WHEAT AND FLOUR INVESTIGATIONS. CROPS OF 1906-7. Wash. Agf, 

Exp. Sta. Bui. 91, 30 p. 

(31) - 

1911. WHEAT AND FLOUR INVESTIGATIONS. Wiish. Agr. Exp. Sta. Bul. 102^ 

18 p. 

(32) - 

1913. A REPORT OF THE INVESTIGATIONS CONCERNING THE CHEMICAL COMPO¬ 

SITION OF WHEAT, 1906 TO 1912, INCLUSIVE. Wash. Agr. Exp. Sta. 
Bul. Ill, 79 p., I fold. pi. 

(33) — 

1914. THE PROGRESSIVE DEVELOPMENT OF THE WHEAT KERNEL. In Jouf. 

Amer. Soc. Agron., v. 5, 1913, no. 4, p. 203-212, fig. 13-14. 

(34) — 

1915. THE PROGRESSIVE DEVELOPMENT OF THE WHEAT KERNEL. II. In JOUf. 

Amer. Soc. Agron., v. 7, no. 6, p. 273-282. 

(35) - Olson, George A., and Hadlock, W. L. 

1911. WHEAT AND FLOUR INVESTIGATIONS. Wash. Agr. Kxp. Sta. Bul. 100, 

52 P-, 4 fig- 

(36) WiiiTspN, A. R., Wells, E. J., and Vivian, A. 

1903. influence of THE SOIL ON THE PROTEIN CONTENT OF CROPS. Wis. Agr. 
Exp. Sta. 19th Ann. Rpt., [i9oi]/o2, p. 192-209, fig. 21-25. 

(37) WiDSTOE, John A., et al. 

1902. IRRIGATION INVESTIGATIONS IN I90I. (ON THE COLLEGE FARM.) Utah 
Agr. Exp. Sta. Bul. 8o, p. 65-199, 14 pi. on 6, 5 fig. 

(38) -and Stewart, Robert. 

1912. THE chemical composition OF CROPS AS AFFECTED BY DIFFERENT QUAN¬ 

TITIES OF IRRIGATION w.ATER. Utah Agr. Exp. Sta. Bul. 120, p. 201- 
240. 

(39) Wiley, H. W. 

1900. THE RELATION OF CHEMISTRY TO THE PROGRESS OF AGRICULTURE. In 
U. S. Dept. Agr. Yearbook, 1899, p. 200-258, pi. 4-5. 

(40) — 

1902. INFLUENCE OF ENVIRONMENT ON THE CHEMICAL COMPOSITION OF PLANTS. 
In U. S, Dept. Agr. Yearbook, 1901, p. 299-318, fig. 27-29. 

(41) Williams, C, G. 

1905. EXPERIMENTS WITH WINTER WHEAT. Ohio Agf. Exp. Sta. Bul. 165, p* 
^7-65, illus. 




RELATIVE SUSCEPTIBILITY OF CITRUS FRUITS AND 
HYBRIDS TO CLADOSPORIUM CITRI MASSEE ‘ 


By G. L. PblTibr, formerly Plant Pathologist^ Alabama Agricultural Experiment 

Station, and Agent, Bureau of Plant Industry, United Stales Department of Agri¬ 
culture, and W. T. FredErich, formerly Assistant Pathologist, Bureau of Plant 

Industry, United States Department of Agriculture 

INTRODUCTION 

During the course of citrus-canker investigations by the authors in 
Alabama, only one other Citrus disease has appeared naturally with 
any frequency. This disease is citrus scab, caused by Cladosporium 
ciiri Massee (5).* 

So far as the writers are aware, no one has ever attempted to make 
any extensive observations to determine the relative susceptibility of 
Citrus plants to scab. All reports so far published on this subject have 
been based on occasional field observations of commercial varieties. A 
summary of the scattered literature reveals the fact that, with a few 
exceptions, the Citrus plants mentioned as subject to scab by all writers 
can t^e arranged into three groups, according to their susceptibility, as 
follows: 

1. Severely attacked. 

Sour orange. 

Rough lemon. 

Lemon. 

2. Moderately attacked. 

Satsuma and other mandarin oranges. 

Lime (<?, p. 82), 

Grapefruit. 

Trifoliate orange (2, p. 244 ). 

3. Rarely attacked. 

Some few varieties of sweet orange (i; 7; 6, p. 113). 

Observations on the amount of scab were made by the authors at 
times during the growing season over a period of four years on a repre¬ 
sentative lot of Citrus plants growing under approximately the same 
conditions in the canker isolation field near Loxley, Ala. They were 
made in connection with the authors' citrus-canker work, accounts of 
which have appeared (j, 4), In these publications, the type, age, 
and number of plants grown are given in some detail. Owing to the 
fact that only few of the plants were large enough to set and bear fruit, 
the degree of susceptibility to scab of the various plants is based on the 
amount of scab present on the leaves and angular wood. 


^ Accepted for publication Jan. 39, 1993. Published with the approval of the Director of the Alabama 
Agricultural Experiment Station. This paper is based on cooperative investigations between the Office 
of Crop Physiology and Breeding Investigations. Bureau of Plant Industry. United States Department 
of Agriculture, and the Department of Plant Pathology, Alabama Agricultural Experiment Station. 

3 Reference is made by number (italic) to Literature cited,*' p. 959. 
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RELATIVE SUSCEPTIBILITY TO SCAB 

With the exception of Poncirus trifoliata (L.) Raf., all the wild relatives 
of Citrus so far grown in the isolation field are nonsusceptible to scab. 
With this exception, scab appears to be strictly limited to Citrus fruits 
and their hybrids. In this respect it differs from citrus-canker, which 
can attack a large number of Rutaceous plants. 

In Table I an attempt has been made to list the majority of Citrus 
fruits and their hybrids grown in the isolation field, and to indicate 
the average relative susceptibility of these plants to scab, as has been 
observed at times over a period of four years under various conditions. 
The relative susceptibility of the various species and varieties to scab 
as given in the table is tentative. Many plants are quite susceptible 
to scab in the early spring when the first growth pushes out, while no 
scab appears on the foliage of the second or succeeding growths. Some 
plants, on the other hand, present a more or less scabby appearance during 
the whole season. Whether the plants placed under the first heading 
are nonsusceptible in a strict sense, only direct inoculations will show. 

Table x.— Relativt. susceptibility of Citrus fruits and hybrids to scab 


Genus and species. 


Scab SIiKhtly 

not ob- suscep* 8usrep> 

served. UKe. tible. 


Poncirus irtfoliata^ trifoliate oranirc..... 

Citrus hysirtx, round leaf form . 

C. kystnx, pointed leaf form. 

sp , Ichantr lemon.. . 

C. grandts, grapefniit seedlings. 

Duncan. 

Sullivan. 

Shaddock, Fla. 

Pummeio, Hirado Buntan. X 

Chinese, Orangedale. 

Marks. 

" Indian, Roeding. 

Siamese. 

C. sinensis, orange, navel. X 

Temple. X 

Japanese No. x. X 

Japanese No. a . X 

Sckkan. X 

Pankan. X 

Tankan. X 

C. nobxlis, orange, King. 

C. nobtlts var. deliaosa, tangerine, Cleopatra. 

C. nobilis var. unshtu, Satsuma.... 

C. mitts- Calamondin... 

Citrus sp. Kanzu. 

Citrus sp. Natsu-mikan . X 

Citrus sp. orange, Naranja... 

Citrus sp. orange, Narutc. 

Citrange {P. trifoliata X C. sinenses) ... 

Citrandarin (P. tn/oltata X C. nobtlts) . 

Citrunshu (P. trifoliata X C. nobtlts var. unshtu) . 

Citrangeguat (citrange X Fortunella margarita) . 

Citranguma (dtrange X C. nobilis var, unshtu) . 

Citrangarin (citrange X C. nobilis var. deltciosa) . 

Citrangedin (citrange X C. mttts) . 

limequat (C auranitfolia X F. margarita) . X 

Bigaraldin (C. auranttum X C. mitis) . X 

Orangelo (C. sinensts X C. grandts) . X 

Oranguma (C. sinensis X C. nobilis var. unshiu) . X 

Omngequat (C. sinensis X F. margarita) . 

Satsumelo (C. nobtlts var. unshtu X C. grandis) . 

Clemelo (C nobtlts var. delidosa X C. grandis) . 

^amelo (C. nobtlts X C. grandts) . X 

Tangelo (C. nobtlts var. deltciosa X C. grandis) . 

Siamor (C. nobilis X C. sinensis) . X 

Sopomaidin (C. grandis X C. mttis) . X 

Calashu (C. mitts X C nobilis var. unshiu) . 

Citraldm (P. trifoliata X C. mitis) . X 

Calann (C. mttis X C. nobilis var. delidosa) . X 

False hybrids. 
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Poncirus trifoliata varies from slightly susceptible to susceptible, de¬ 
pending on the season. As a rule, very little scab occurs after primary 
infection takes place on the unfolding buds and the young shoots in the 
spring. 

The round leaf form of Citrus hystrix DC. which is susceptible to 
canker is only occasionally attacked by scab, while the pointed leaf form 
which is semi-resistant to canker is very susceptible to scab. Primary 
infection is usually severe on young leaves and shoots, although the 
plants present a scabby appearance ^roughout the growing season. 

The fact that Citrus hystrix, native of the Philippine Islands, where no 
scab has ever been found, is susceptible under our Gulf Coast conditions, 
leads one to assume that Cladosporium citri is unable to persist under 
Philippine conditions, which is one reason why scab has never been re¬ 
ported from the islands, rather than the fact that scab has never been 
introduced. 

The Ichang lemon, possibly a natural hybrid between a lemon and 
pummelo, appears to be more susceptible to scab than the sour and 
commercial varieties of lemons. 

The behavior of the plants belonging to the Citrus grandis group in 
their susceptibility to scab is quite variable, ranging from nonsuscepti- 
ble to very susceptible. Whether there is a difference in the varietal re¬ 
sistance is not known. The fact that plants of all ages, conditions, and 
types were employed makes it doubly hard to draw any conclusions. 
Judging from observations of other investigators, the grapefruit has only 
within recent years been reported susceptible to scab. On the whojp, it 
can be said that the ordinary Florida varieties, as represented by Duncan 
and Sullivan, are only slightly susceptible; the Florida Shaddock, very 
susceptible; the Indian and Chinese pummelos, susceptible; and the 
Siamese pummelos, slightly susceptible. The Hirado Buntan pummelo 
>ias never develop^ scab in the field. While there is a decided differ¬ 
ence in scab susceptibility of the various plants in the C. grandis 
group, we do not know whether tlie differences are varietal or due tc 
their individual reaction to environmental conditions which in turn in¬ 
fluences scab susceptibility. 

No scab has ever been noted on any of the plants belonging to the 
Citrus sinensis group. These observations are in common wifii those 
made by most investigators. Stevens (7) reports the Lue Gim Gong as 
attacked bv scab in Florida, and it is the only variety of sweet orange so 
recorded in America. Earle (z) in Porto Rico finds that some of the 
round oranges are occasionally attacked by scab. Reinking {6) also 
reports a plant of the C. sinensis group subject to scab in China. On the 
whole, it can be stated that the sweet orange group, with an occasional 
exception, is nonsusceptible to scab. 

Of the C. nobilis group, both the King orange and Satsuma are 
slightly susceptible to susceptible, depending on weather conditions. 
Most of the scab occurs during the early spring on the young leaves and 
small fruits. During late seasons, such as prevailed in 1915 and 1920, Sat- 
sumas are badly attacked by scab, resulting in considerable damage to 
the fruit. The Cleopatra tangerine, which is semiresistant to canker, 
evidently does not scab. It is one of the few plants promising as canker 
resistant which is not attacked by scab. 

Citrus mitis Blancho is another example of a plant native to the 
Philippine Islands which is very susceptible to scab under our Gulf 
Coast conditions. Scab is usually quite severe in the early spring on the 
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unfolding leaves and twigs. These plants present a more or less scabby 
appearance throughout the season. 

Yuzu or Kansu orange is a plant native of North China; in fact, it 
grows farther north than any other Citrus. Like C. mitis, it is quite 
resistant to canker, but very susceptible to scab.- It is rather peculiar 
that there are here two plants, one native to the tropics, the other to 
North China, both somewhat resistant to canker, but susceptible to 
scab under Gulf Coast conditions. Scab is found on the Kansu .plants 
throughout the growing season. 

The Natsu-Mikan, possibly a natural hybrid similar to the tangeloes, 
has so far remained free from scab. The Naranja and Narute oranges, 
introductions from the Far East, are among the most susceptible plants 
in the field. These plants present an extremely scabby appearance 
throughout the growing season. 

As a rule, all trifoliate orange hybrids are attacked to some extent in 
the early spring, varying in intensity, and depending somewhat on the 
second parent. Thus, citrunshu, with Satsuma as a second parent, is 
more susceptible to scab than citrange with the common orange as the 
second parent. 

The citrange hybrids vary still more in their susceptibility to scab, 
ranging from slightly susceptible to very susceptible. The behavior of 
the citrangequat is extremely interesting. Kumquat, the second parent 
of this cross belonging to the wild relatives, is outside the range of scab 
susceptibility. However, when crossed with the citrange, the resulting 
hybrid is very susceptible to scab, and the plants are generaly scabby 
throughout the growing season in the field. On the other hand, it is the 
most promising canker-resistant hybrid that has yet been found. 

Limequat has so far remained free from scab. The orangelo and 
oranguma have also remained clean. The orangequat is a pdant similar 
in many respects to the Satsuma. Thus, in the type of plant and its 
susceptibility to canker and scab, it behaves like the Satsuma. How¬ 
ever, why should it equal the Satsuma in its susceptibility to scab when 
both of its parents have been so far reported free from scab ? Its suscep¬ 
tibility to scab must be closely related to the reaction of this plant to 
environmental conditions favoring scab attacks. 

The bigaraldin presents the opposite extreme in that no scab has been 
observed on this hybrid, although both its parents, the sour orange and 
calomondin, are very susceptible to scab. 

The mandarin orange-grapefruit hybrids as represented by satsumelo, 
clemelo, and tangelo vary from slightly susceptible to susceptible. No 
scab has been observed on siamelo. The hybrids having Citrus mitis as 
one parent either have remained free from scab or are only slightly 
susceptible, notwithstanding the fact that C. mitis is very susceptible 
to scab. 

All the false hybrids vary from slightly susceptible to susceptible, de¬ 
pending on the condition of the plants. 

SUMMARY 

The range of Citrus plants susceptible to scab has been extended much 
beyond the few well-lmown groups of commercial varieties, heretofore 
re^rted. No doubt some of the plants reported as nonsusceptible may 
later be found to be suscq>tible, while m^y species and varieties which 
were not tested will also be found to be susceptible to scab. 
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All evidences from our observations show that scab is limited to the 
Citrus fruits and their hybrids, with the exception of Poncirus trifoliaia. 
The species and varieties within a group vary in their susceptibility to 
scab. A good example of this occurs in the Citrus grandis or grapefruit 
group, and is further accentuated among the hybrids. Susceptibility to 
scab varies not only from season to season, depending on weather condi¬ 
tions, but varies even within the same season. Thus a bad scab year 
is determined largely by weather conditions just at the time of the forma¬ 
tion of the leaves and fruit. In most cases, scab susceptibility narrows 
down to the reaction of the host plant to environmental conditions, 
essential to scab infection and the development of the disease. This 
does not necessarily mean conditions favorable to the best and most 
normal development of the plants, as under these conditions few of the 
plants are susceptible to scab. It is extremely interesting to note that 
in this connection a number of plants which are promising as canker 
resistant are as a whole susceptible to scab. 


LITERATURE CITED 

(1) Earlb, F. S. 

1920. THE CULTIVATION OP CITRUS FRUITS IN PORTO RICO. Poito RicO InS. 

Exp. Sta. Circ. 28, 20 p. 

(2) Fawcett, H. S. 

1921. SOME RELATIONS OF TEMPERATURE TO GROWTH AND INFECTION IN THE 

CITRUS SCAB FUNGUS CLADOSPORiuM ciTRi. In Jour. Agr. Research, 
V. 21, p. 243-253. Literature cited, p. 253. 

(3) Peltier, George L. 

1918. SUSCEPTIBILITY AND RESISTANCE TO CITRUS-CANKER OP THE WILD RELA¬ 

TIVES, aTRUS FRUITS, AND HYBRIDS OP THE GENUS CITRUS. In JoUT. 
Agr. Research, v. 14, p. 337-358, pi. 50-53. Literature cited, p. 356- 
357 - 

(4) -and Frederick, W. J. 

1920. RELATIVE SUSCEPTIBILITY TO CITRUS-CANKER OP DIFFERENT SPEaES AND 
HYBRIDS OF THE GENUS CITRUS, INCLUDING THE WILD RELATIVES. In 
Jour. Agr. Research, v. 19, p. 339-362, pi. 57-68. Literature cited, 
p. 361-362. 

(s)- 

1922. RELATIVE SUSCEPTIBILITY OF CITRUS PLANTS TO CLADOSPORIUM CITRI 

MASSEE. (Abstract.) In Phytopathology, v. 12, p. 57. 

(6) Reinking, Otto A. 

1919. DISEASES OF BCONOinc PLANTS IN SOUTHERN CHINA. In Philippine 

Agriculturist, v. 8, p. 109-135, 3 pi. 

(7) Stevens, H. E. 

1916. CITRUS SCAB. In Fla. Agr. Exp. Sta. Ann. Rpt. [i9i4]/i5, p. xciii. 

( 8 ) - 

1918. FLORIDA aTRUS DISEASES. Fla. Agr. Exp. Sta. Bui. 150, p. 13-110^ 
54 fig. 





AN IMPROVED METHOD FOR THE DETERMINATION OF 
NICOTINE IN TOBACCO AND TOBACCO EXTRACTS ‘ 

By O. M. Shsdd * 

Chemist, Kentucky Agricultural Experiment Station 
HISTORICAL REVIEW 

The two methods which are now more generally used in this country 
for the estimation of nicotine in tobacco and tobacco extracts are those of 
Kissling and the silicotungstic acid method as perfected by Chapin.* 
They are the only ones for this determination which have been adopted 
as official by the Association of Official Agricultural Chemists.* It is of 
interest to note in this connection that while Chapin’s procedure for 
extracts was adopted by the association, a material change appears in 
the association method. This change is in the amount and manner of 
adding the alkali preparatory to the distillation; it is opportune, even if 
made unwittingly, because it tends to increase the accuracy of the method 
when applied to tobacco. In this connection it is important that a 
sufficient quantity of alkali be added in the distillation to liberate com¬ 
bined nicotine. The association method should emphasize this point 
more clearly, since it is possible in following their directions in the dis¬ 
tillation to have the solution test alkaline due to free nicotine and yet 
an insufficient quantity of alkali may have been added to liberate that 
in combination. 

Chapin describes the various procedures which have been proposed for 
the estimation of nicotine and the defects he found in their application, so 
it is not necessary to mention them here. Unfortunately, however, 
Chapin, in his work on the silicotungstic acid method, did not include 
tobacco in his studies, otherwise he probably would have found that 
errors may often occur in the use of this method on tobacco, as will be 
mentioned later. The method as outlined by him was proposed for 
tobacco extracts and when so applied in the present work has been found 
to be more satisfactory than for tobacco itself. 

While it is generally recognized that the Kissling method will give 
good results in the hands of an experienced analyst, provided no inter¬ 
fering substances are present in the determination, it is nevertheless, 
conceded that the silicotungstic acid method will probably give more 
reliable and concordant results in ordinary use. 

After the work reported in this paper was practically completed, the 
writer learned for the first time, through a mutual acquaintance, that a 
similar method had been published by Rasmussen,* in Denmark. As no 
reference to it could be found in the literature at hand, a copy was obtained 


’ Accepted for publicatiaii Jan. aa, 1933. Published by permission of the Director of the Kentucky 
Agricultuiml Experiment SUtion. 

* The author desires to thank Dr. A. M. Peter, Head of the Department of Chemistry, for helpful criticisms 
offered duriiiR the progress of this investigation. 

’ Cra#in, R. M. the determination op nicotine in nicotine solutions and tobacco extracts. 
In U. S. Dept. Agr. Bur. Anim. Indus. Bui. 133. p. ox. 19x1. 

* AssoexAnoN op Oppicial Aoxucultvral Chemists, oppicial and tentative methods op .^NALY- 

SXS. AS COMPILED BY THE COMMITTEE ON REVISION OP METHODS. Revised tO Nov. T, X919, p. 65-^. 

Washington, D. C. 1900. 

« Rasmussen, Hans Baqobsoaard. om bestemmblsb ap nikotin. In K. Danske Vidensk. Sclsk. 
Skr. Naturvidensk. og Math. Aid., Ser. 8, Bd. 1 , p. 66. 19x6. 


Journal of Agricultural Research, 

Washington. D. C. 

alb 


(961) 


Vol. XXIV. No. It 
Jtme 16, 1933 
Key No. Ky.~x3 





962 Journal of Agricultural Research voi. xxiy.Na u 

and it was found that while Rasmussen’s method is somewhat siimlar 
in principle, it is entirely different in technic from the one described 
in this paper. As no determinations by the former method have been 
made here, its accuracy is not known. Certain features of it, however, 
are mentioned for comparison with the writer’s procedure. 

The extraction of nicotine from the tobacco to which alcoholic soda 
has been previously added is carried on in a flask containing a mixture 
of equal parts of ethyl ether and petroleum ether, by frequent shaking for 
5 hours. The solvent is then filtered from the tobacco through a folded 
filter covered with a glass plate. An aliquot is taken for acid extraction. 
With extracts, 3 or 4 gm. of the sample are placed in a 100 cc. flask together 
with 5 cc. concentrated caustic soda, 5 cc. water, and 50 cc. of the above 
mixed ethers. The mixture is allowed to stand 4 or 5 hours with frequent 
shaking, then 25 cc. of the solvent is drawn off and treated as before. In 
both cases the nicotine is precipitated with silicotungstic acid. Doubts 
might be raised as to the complete extraction of the nicotine, especially 
from extracts handled in the manner indicated, as compared with a 
Soxhlet extraction of the sample as prepared for analysis here. Further¬ 
more, errors may arise due to evaporation when the solvents are filtered 
and aliquots wiAdrawn in the manner described. Finally, no provision 
is made for the prevention of emulsions often obtained in the acid washing 
of the ether extract of some samples and without which no method of 
this character is practical. 

EXPERIMENTAL WORK 

The writer, having occasion to determine the nicotine content of a 
large number of various grades and varieties of tobacco grown in Ken¬ 
tucky, found that it would be very convenient to have a method which 
would,be more rapid than either of the official methods and equally 
accurate. As several determinations were to be made at the same time 
and facilities for making simultaneous steam distillations were not at 
hand, it was desirable to have a method that would, if possible, eliminate 
such distillations. A steam distillation of nicotine is objectionable inas¬ 
much as it is often a long, tedious procedure that requires careful atten¬ 
tion in order that the boiling liquid shall be maintained at a low volume 
to remove all nicotine. 

The writer’s previous experience with the Kissling method has shown 
that there are two principal errors to be avoided: First, the presence of 
ammonia in the nicotine distillate, due to its incomplete separation from 
^e ether extract of the sample, and, second, the possible loss of nicotine 
in the evaporation of this ether extract previous to its distillation. The 
Spt error will, of course, give high results, due to the ammonia being 
titrated and calculated as nicotine, whereas the other causes low results; 
consequently, satisfactory figures obtained by the method may be some¬ 
times the r^ult of a balancing of errors. On the other hand, experience 
with the silicotungstic acid method in this work has shown that while it 
is decidedly preferable to the Kissling, nevertheless certsun points in its 
use have to be carefully supervised in order to obtain satisfactory re¬ 
sults. The writer’s experiments show that this method as outlined by 
Chapin rives more satisfactory results on nicotine extracts than on to¬ 
bacco. ^e reasons for this will be mentioned later. 

Experience h^ has shown that the distillation as prescribed in the 
silicotungstic acid method, even though carried on under proper condi- 
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tions, is sometimes a long, tedious procedure; and, if not so conducted, 
will often give inaccurate results on tobacco. Accordingly, it was thought 
possible to substitute an ether extraction of the sample for the steam 
distillation of it in the silicotungstic acid method, in order to ob¬ 
tain the nicotine for precipitation. Afterwards, the nicotine could be 
extracted from the ether by acid and determined in the manner pre¬ 
scribed in this method. Accordingly, considerable work has been*car¬ 
ried on with this in view, and, after many preliminary determinations, a 
method has been devised which has usually been found to be more rapid 
than either of the official methods and, with some samples at least, gives 
more accurate results than the silicotimgstic acid method unless the latter 
is carried on under carefully controlled conditions. It combines the good 
features of both official methods and eliminates an undesirable one com¬ 
mon to both, namely, the steam distillation. The method is as follows: 

REAGENTS 

Alcoholic sodium hydroxid solution: Dissolve 6 gm. of sodium hydroxid 
in 40 cc. of water and 60 cc. of 90 per cent alcohol. 

Silicotungstic acid solution: Prepare a 12 per cent solution of the 
silicotungstic acid having the formula 4HjO, SiO^, 12WO,, 22H2O. 
(There are several silicotungstic acids. The acids 4H2O, SiOj, loWOj, 
3H2O and 4H2O, SiOj, i2WOj„ 20H2O, do not give crystalline precipi¬ 
tates with nicotine and should not be used.) 

Ethyl ether of quality equal to U. S. P. concentrated. 

Dilute hydrochloric acids (i to 4) and (i to 1,000). 

DETERMINATION 

Weigh I gm. of tobacco extract (high grade 40 per cent) or more of 
extracts containing less nicotine; or 5 gm. of finely powdered tobacco 
which has been previously dried at room temperature or slightly above, 
to permit powdering, and put into a beaker or, preferably, a porcelain 
dish. Add 2.5 cc. of the alcoholic sodium hydroxid to the tobacco pow¬ 
der or about 5 cc. to the extract; it is necessary that enough alcoholic 
sodium hydroxid be added to liberate the nicotine. Follow in the case 
of extracts with a sufficient quantity of pure powdered calcium carbonate 
to form a moist but not lumpy mass. Mix thoroughly with a pestle or 
spatula, transfer to a suitable container in a Soxhlet extractor and ex¬ 
haust for about 5 hours with ether. (Probably another solvent could be 
substituted for tiiis purpose.) It is important that the temperature of 
the cooling water during the extraction should not be much over 20° C., 
and sufficient solvent should be used in order that its volume in the 
extraction flask should never be less than about 25 cc. After the 
extraction is made, the exhausted sample is removed and the excess of 
ether recovered, but the volume of ether extract should not be permitted 
to go below the above minimum or more if necessary to keep the ex¬ 
tractive matter in solution at ordinary temperature. (If the tempera¬ 
ture of the cooling water is too high and the volume of solvent in the 
flask becpmes too low dtuing the extraction, there may be a small loss 
of nicotine from samples of high percentage.) 

The ether extract is transferred to a separatory funnel, preferably 
with a short stem, the extraction flask washed with a little ether and 
finally about twice with hydrodiloric acid (i to 4) to remove all nicotine. 
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The extract is shaken with four to six portions (10 cc. each) of cold 
dilute hydrochloric acid (i to 4). If an emulsion forms during the 
successive extractions with the acid, this can be prevented by adding 
a small amount of 95 per cent alcohol, about i cc. being sufficient for 
each separate extraction. (When it is found necessary to use alcohol, 
it is essential that it be added after the shaking has been completed. 
Furfiher shaking should be avoided as much as possible, as one or two 
inversions of the funnel will break the emulsion. A minimum amotmt 
of alcohol and shaking are best, since it has been found that when 
alcohol is added along with the acid, followe l by vigorous shaking, it 
has some solvent action on extraneous material that precipitates with 
the reagent. Consequently, alcohol should not be used unless necessary, 
and only in the manner described.) The successive extractions are run 
through a funnel into a 100 cc. graduated flask. A small ball of fine 
glass wool may be placed in the neck of the funnel. The extraction 
should be continued until a few drops of the acid solution give no tur¬ 
bidity with the reagent. The funnel is carefully washed with water and 
the volume made to 100 cc. An aliquot corresponding to about 0.25 
gm. or more of extract or i to 2 gm. of tobacco, depending on the amount 
of nicotine present, is placed in a beaker and diluted to 400 to 500 cc. 
volume with distilled water. A sufficient quantity of dilute hydrochloric 
acid (i to 4) is then added so as to have at least 3 cc. or more present, 
to each 100 cc. of liquid, including the quantity of acid contained in the 
aliquot. At this point, the solution should test distinctly acid with a 
few drops of methyl orange; if not acid, more should be added. There is 
then added, with constant stirring, i cc. of the silicotungstic acid reagent 
for each o.oi gm. of nicotine supposed to be present. Stir thoroughly 
for about 3 to 5 minutes or until the precipitate is crystalline and settles 
quickly. To insure an excess of the reagent, a few drops are added to 
ffie clear supernatant liquid and the absence of any precipitate noted. 
The solution is allowed to stand at least 18 or preferably about 24 hours. 
The precipitate is filtered on an ashless filter (C. S. & S. No. 590 or similar 
quality) and preferably through a Hirsch or Buchner funnel by decanting 
first the clear liquid and testing a few drops of it with a little nicotine 
solution to insure an excess of reagent. By decanting practically all the 
clear solution the filtration is more quickly made. (In case of very small 
precipitates, the addition of a small amount of ashless filter paper pulp 
to the precipitate at the time it is to be filtered will insure a clear filtrate.) 
When the precipitate is transferred to the filter, if the filtrate should be 
turbid, it is filtered again until clear. If, at the beginning, the precipi¬ 
tate is made crystalline by proper stirring, the filtration is made quickly 
and without trouble. The precipitate is thoroughly washed wilh cold 
dilute hydrochloric acid (i to 1,000). Transfer the precipitate, without 
removing from the paper, to a weighed platinum crucible, dry carefully 
at low heat until the paper is charred, then ignite over a Bunsen burner 
until all carbon is eliminated. Finally, heat over a Teclu or Meker 
burner for not over 10 minutes, or over a moderate blast for about 5 
minutes. It is not advisable to prolong the final heating beyond the 
time mentioned, because of a very small but continued loss at this 
temperature. The weight of the residue multiplied by 0.114 gives the 
weight of nicotine present in the aliquot used. 

In the development of this meth^, the following experiments were 
made to test important features of the work: 
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ABSBNCB OP POREIGN MATERUI, IN THE ACID SOLUTION OBTAINED PROM 
THE ETHER EXTRACT WHICH MIGHT PRECIPITATE WtTH THE REAGENT 

As experiments had shown that such material would more likely be 
obtained from tobacco than from extracts, aliquots of the same acid 
solution of tobacco were compared. One aliquot was distilled and 
determined by the silicotungstic acid method while the other aliquot was 
handled at this stage as described in the method above. The results are 
given in Table i. 

TABtE I .—Percentage of nicotine in tobacco (moisturefree) 


614.22 

61423 

61426 

61436 

61437 


No. 


Chapin's silico- 
tunRStic acid 
method. 


1. 29 

2. 17 
o. 70 
7. 26 
5 - 47 


Improved 

method. 


1*33 
2. 23 
C'-TS 
7 * 30 

5-51 


Average 


3-38 


3 * 42 


It is apparent from Table I that in the acid solution obtained from the 
ether extract of these samples, no foreign material is present which might 
precipitate with the reagent and materially affect the results, unless it is 
volatile with steam. 

THE AMOUNT OP ALCOHOL USED IN THE MANNER PRESCRIBED IN THE 
method APPARENTLY DOES NOT HAVE ANY APPRECIABLE DETRIMEN¬ 
TAL EPPECT 

Duplicate determinations were made on different tobaccos, in one of 
which alcohol was used as prescribed, while in the other it was omitted. 
The results are given in Table II. 

Tablb II. —Percentage of nicotine in tobacco (moisture free) 


80236. 
80237. 
80238. 
80239. 
80273. 
80274. 
80275. 
80270. 
80382. 
80383. 
80384. 


Average 


Alcohol 

used. 

No ala>hol 
used. 

6.94 

6. 80 

5-98 

6. 02 

6-35 

6.30 

5 - 7 * 

5.82 

2. 98 

2. 87 

2. 10 

2. 05 

I. 79 

r. 77 

0. 97 

0.9 

7 - 77 

7 - 7 ' 

7. 04 

6. 94 

5 - 78 

5 - 70 

4.86 

4. 82 
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Apparently alcohol used in the quantity and manner prescribed in the 
method has very little, if any, effect on the results. The use of alcohbl 
would be more likely to affect the results in the analysis of tobacco than 
in that of extracts. Experience has shown that it is not usually required 
for extracts and is not always necessary for tobacco. 

Alcohol has been found, however, to have a solvent action for extra¬ 
neous matter contained in the ether extract of some tobaccos if it is 
added with the acid and thoroughly shaken, as is done in the acid extrac¬ 
tion. For example, two of the samples in Table II, when alcohol was 
used in this manner, gave the following results: No. 80236 = 7.37 per cent 
and No. 80237 = 6.32 per cent nicotine. On the other hand, it has been 
repeatedly found that when as much as 5 cc. alcohol is added to an 
ahquot after the acid extraction is made, identical results are obtained 
as compared with another aliquot containing no alcohol. However, it 
should not be used except where it is necessary and then only in the 
manner prescribed. 

When a comparison was made of this method with Chapin’s siUco- 
tungstic acid method, it was found that higher, and in some samples of 
tobacco abnormally higher, results were obtained by the latter method. 
Much better agreement, however, was shown with extracts. Steam dis¬ 
tillations showed that whereas not over 750 cc. of distillate was usually 
sufficient to obtain the nicotine from extracts, a much larger volume was 
generally required for tobacco, notwithstanding the fact that a smaller 
amount of nicotine might be present in the larger distillate. Again, it 
was found essential that the solution in the distilling flask should be 
maintained at about 15 to 25 cc. in order to distill over the nicotine in 
a minimum volume of distillate. If the volume of liquid greatly ex¬ 
ceeds this extreme difficulty is met with in distilling the nicotine, 
especially from tobacco. For example, tests with negative results have 
been made for nicotine in a distillate coming from a comparatively 
large solution, although further concentration to the optimum volume 
showed its presence. Another interesting fact observed in the steam 
distillation was that the nicotine results obtained by its use, especially 
with tobacco, were largely influenced by the amount of alkali used in the 
distillation. For instance, it was fotmd that where 2 gm. of sodium 
hydroxid was used in the distillation higher results were always obtained 
than when smaller amounts were employed, despite the fact that in the 
former case the nicotine usually came over in a smaller volume of dis¬ 
tillate. In all distillations the liquid in the distilling flask was alkaline, 
and sufficient alkali was present to liberate combined nicotine. It has 
been shown in this connection that the larger amount alkali liberates 
some volatile compound other than nicotine which comes over in the 
distillate and is precipitated by the reagent. This substance occurs in 
variable quantity in tobacco, and a distillate containing it generally has 
some odor and color. The compound does not give tiie diaracteristic 
test for nicotine, but forms with silicotungstic add a dirty white predpi- 
tete whic^ becomes pinkie on standing. Where this substance occurs 
in appredable quantity it can be obtained by distilling with an excess of 
alkali (2 gm.) the exhausted tobacco obtain^ from the ether extraction, 
or, after a weak alkaline distillation is completed, a further addition of 
alkali up to the above amount and continued distillation will diow its 
presence. Th^e is no doubt but that the excess of alkali and heat used 
in the distillation acts to a greater or 1^ extent on the tobacco residue 
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contained in the small volume necessary to liberate the nicotine, and 
forms a volatile product or products which are found in the distillate, 
precipitate with the reagent and affect the results. Further work will 
be done to determine, if possible, the nature of this reaction. * 

The following precautions are therefore necessary in the distillation: 
(i) Use the minimum amount of alkali necessary to liberate all the 
nicotine; (2) keep the volume of liquid in the flask at about 15 to 25 cc. 
to facilitate the distillation of the nicotine; (3) continue the distillation 
until a few cubic centimeters of the distillate shows no opalescence when 
treated with a drop of dilute hydrochloric acid and a drop of the silico- 
tungstic acid. Under such conditions, however, a large volume of distillate 
will sometimes be obtained, as shown in Table III. 

Table III .—Percentage of nicotine in tobacco (moisture free); effect of different amounts 
of NaOH in distillation of 5 gm. sample on the volume of distillate necessary to liberate 
the nicotine. 


No. 

a <rm. 
NaOH. 

Volume of 
distillate. 

Final test for nicotine. 

Less 

than 2 gm. 
NaOH. 

Volume of 
distillate. 

Final test for 
nicotine. 

61469 

7 - 55 

900 

Absent. 

'7-38 

1,500 

Absent. 




1 

‘ 7.29 

1,500 

Do 





* 6. 90 

2,900 

Do. 

61537 

6.33 

900 

.do. 

= 5 - 67 

I, 800 

Present. 





5-98 

2,400 

Absent. 

80073 

7 - 85 ! 

I, 800 

do. 

•6. 76 

I, 000 

Do. 


7. S3 

I, 800 

...do. 

‘6.65 

I, 000 

Do. 

80144 


’ 7 - 32 

"7-51 

2, 100 

Present. 




2, 700 

Absent. 


^ NaOH used in distillation, 0.35 cm. 
^ NaOH used in distillation, 0.15 gm. 


DIRECT PRECIPITATION OF NICOTINE 

It was thought that it might be possible with some extracts, provided 
no interfering substances were present, to make a direct precipitation of 
the nicotine and thereby eliminate the distillation and ether extraction 
necessary in the other methods. Experiments were made, therefore, by 
taking a weighed sample of extract, diluting it to a definite volume and 
directly precipitating the nicotine in an aliquot with the reagent in the 
manner prescribed in the improved method as to volume, acidity, and 
handling of the precipitate. While the precipitates were often colored, 
very satisfactory results were obtained on most of the extracts, although 
precipitable matter in others proved to be detrimental. The result.j 
obtained are given in Table V. 

This method was also tried on tobacco by making an aqueous or weak 
akaline extraction, filtering and using an aliquot as described in the 
preceding paragraph. It was not found applicable, however, as shown 
by the determinations below, on two samples from Table III. No. 61469 
gave 9.13 per cent nicotine by an akaline extraction and No. 61537 gave 
7-53 per cent by an akaline and 7.37 per cent nicotine by an aqueous 
extraction. 
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The results obtained by the improved method on tobacco and extracts 
in comparison with Chapin’s silicotungstic acid method, together with 
those found by the latter when variable amounts of alkali were used in 
the disGlIation, are given in Tables IV and V. 

TABt,S IV .—Percentage of nicotine in tobacco {moisture free). 


No. 

Chapin's silicotungstic add 
method. 

Improvec 

method. 

3 gm. NaOH 
used in steam 
distillation of 

5 gm. sample. 

than a gm 
NaOH used in 
steam distillation 
of s sm. sample. 

61469 

7 - 55 

‘7.38 

6.99 



^ 7- 29 

7. 01 



* 6. 90 

7. 00 



7. 19 


61537 

6-33 

* 5 - 98 

5 -98 




6.18 




6.08 

80073 

7.85 

»6. 76 

6. 70 


7 - 83 


6. 88 


7.84 

‘6.6s 

6. 79 



6. 71 


80074 

6.37 

^ 6.19 

6. 01 

80076 

3 - 3 » 

^ 5 - 09 

4 -92 

80117 

3 - 67 


3-37 

8oI2I 

3 - 97 


3. 68 

80126 

2. 71 


2. 48 

80129 

4. 57 


4-43 

80130 

4 - 50 


4. 24 

80134 

I -75 


1-55 

80144 


* 7-51 

7.67 

8019s 


*7. 77 

7-83 

80263 


‘ a. 56 

a- 57 




a. 58 




a. 58 

_ _ 

_ 

_ _ _ 

- - 


1 NaOH used in distillation, 0.35 gm. 
* NaOH used in distillation, 0.15 gm. 
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No. 


43SS9 


80054 

80055 

80056 
80064 


80065 

80066 


80356 

80357 
40358 

80823 

80S24 


80826 


Brand. 


2 


'^Nico-Fume”. 

"Hammond’s Tobacco Extract" 

"Nikoteen". 

“Thompson’s Rose-Nicotine"... 


Guaranty. 


16.42 


40.00 

4.00 

30.00 

5.00 


Direct 

precipi’ 

tation 

method. 


Chapin’s 

itiheo- 

tungstic 

acid 

method.^ 


Improved 

method. 


18.77 


41.60 

4.26 

31-67 
5-*3 


3 


17.31 15.96 

17.44 16.71 


17*38 

40.78 

4.27 

30*85 


.18 

.26 


16.34 

40.77 

4.25 

30.78 

M. 89 

N. 89 


5.22 


4.89 


.18 

3*57 


“Hall’s Nicotine Solution".. 
“Hall’s Nicotine Sulfate".... 
“Hall’s Nicotine Fumigator" 
“Black Leaf 40". 


40.00 

40.00 

12.50 

40.00 


.72 

4.78 

•13 

3*70 

®3*82 

4 

*3-51 

*3-51 


, 3.76 

3-Si 

40.43 

® 40.62 

39-69 

40.15 

’ 39.82 

39.88 


* 13-26 

13.18 

40.54 

40.00 

40.13 

1.64 

*>2.47 

1.6s 


2.50 



2.49 


94 63 

,93-73 

93-42 

94.70 

, 93-75 

93.60 


^94.60 1 

94.14 


94.67 


80828 


80829 


“Black Leaf 40" 


1 

1 

40.61 

94.03 

93*72 

40.00 

* 39-74 

40.39 


40.73 

*40.19 

40.88 

40.00 

40.67 

42.21 

39-97 

*41.87 

40.64 

42.09 


* In this method, the following weights of sample were distilled with 2 gm. NaOH unless otherwise indi¬ 
cated. 

Samples containing 50 per cent or more of nicotine. 0.6 gm. 

Samples containing 30 to 50 per cent of nicotine. i gm. 

Samples concaining 3 to 30 per cent of nicotine, 3 gm. 

Samples containing less than 3 per cent of nicotine, j gm. 

* This extract had been prepared for several years and was supposed to contain 16.43 per cent of nicotine, 
a.78 per cent of pyridin and 2.37 tier cent of ammonium chlorid. The nicotine guaranty is probably only 
approximate. The results obtained for nicotine by all methods include any pyridin that may have been 
present in the washed precipitate. 

* NaOH used in distillation, 0.60 gm. 

* Duplicates from same ether extraction. 

^ NaOH used in distillation. 0.1,5 gm. 

* NaOH used in distillation, 0.24 gm. 

^ NaOH used in distillation, 0.90 gra. 

* NaOH used in distillation, 0.30 gm. 
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SUMMARY 

(t) A method has been devised for the determination of nicotine in 
tolmcco and tobacco extracts which has been found to be as rapid and as 
accurate as the silicotungstic acid method and more satisfactory on 
tobacco. The other standard method commonly used for nicotine is the 
Kissling. 

(2) The new procedure eliminates an undesirable feature, namely, 
the steam distillation, common to both of the above methods. 

(3) It has been shown that special precautions should be taken in 
carrying on the distillation in the silicotungstic acid method. Under 
proper conditions very good results were usually obtained by its use; 
otherwise, serious errors were often found when working on tobacco. 

(4) A direct precipitation method which obviates a preliminary ether 
extraction or steam distillation to obtain the nicotine, has also been 
tried and fairly satisfactory results were obtained on most of the tobacco 
extracts employed. It was not found, however, to be applicable to 
tobacco and a few extracts. 



NUTRITIVE VALUE OF MIXTURES OF PROTEINS FROM 
CORN AND VARIOUS CONCENTRATES» 


By D. BltSSSS Jones, Chemist in Charge; A. J. Tiums, formerly Associate Biological 

Chemist; and Carl O. Johns, formerly Christ in Charge, Protein Investigations 

Laboratory, Bureau of Chemistry, United States Department of Agriculture 

INTRODUCTION 

The nutritive' value of mixtures of peanut and soy-bean flours as 
supplements to wheat-flour proteins has been shown in pre'vious publi¬ 
cations {4, 5) * from this laboratory. This paper is a continuation of 
these studies with whole yellow com. In addition to the peanut and 
soy-bean flours as protein supplements to com are also included meal 
made from tomato-seed press cake and coconut meal made by both the 
solvent and expression processes. Data on both the chemical and nutri¬ 
tional studies of the proteins from tomato seed and coconut have already 
been published (j, 6, 7, 8, 9).. Each of the concentrates mentioned has 
been found adequate for the normal growth of albino rats as the sole 
source of protein in other^se complete diets. 

It has been shown by severed, .ipyestigators that whole corn is not 
adequate for normal growth. Feeding'mtperiments with zeinj_ja' protein 
which constitutes more than one-half of the total proteins in maize, 
have shown it to be deficient in lysine and tryptophane—amino acids 
which are essential for the growth of animals. Experiments also have 
been recorded which show that when com proteins are fed at a high 
enough intake level—as, for example, in com gluten—^normal growth 
can be secured. 

Whole com constitutes a large psurt of the ration of many animals and 
it is of practical importance to the feeder to know whether the addition 
of small quantities of protein concentrates such as coconut meal, tomato- 
seed, press cake, soy-bean and peanut flour will result in a protein mixture 
which will meet the nutritional requirements for normal growth. Our 
experiments with these concentrates show that a mixture of 25 parts 
of tomato-seed press cake, soy-bean flour, or peanut flom with 75 parts 
of com satisfies the protein requirement for the normal growth of white 
rats. In the case of the coconut meal, equal parts were necessary to 
secure the same result. This may not have been due, however, to 
inferiority in the nutritional value of the coconut-meal proteins, but 
rather to the bulky character of the meal caused by its higher content 
of cmde fiber. Chemical studies of the proteins of these concentrates 
have shown that they are relatively high in lysine and tryptophane, 
and are therefore well suited to supplement the com proteins which 
are deficient in these amino acids. 

SXPSRIMSNTS WITH WHOI,® 'JfBl.LOW CORN MRAI, 

Two diets containing 7.2 per cent of protein in which the proteins 
came solely from whole yellow com were used. Diet 1 contained 16 per 
cent of butter fat. Diet 2 was made up of the same composition, wi^ 
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tbe exception that lard was used in the place of butter fat The growth 
curves in Chart i show that about equally poor growths resulted with 
both of th^ diets, an average gain in wdght of only 0.73 gm. per gram 
of protein intake being obtained. Although diet 2 con^ned no source 
of vitamin A other than the yellow com (unless the lard may have 
ccmtained some), growth was obtained at approximately the same rate 
as when diet i wiQi the butter fat was used. No indication of xeroph> 
thalmia was observed. These facts indicate the presence of vitamin A 



Cbakt z.-~Cufve$ showing the poor rate of growth of young albino rats fed on a diet the proteins of wbkh 

came solely from whole yellow com. 

in yellow com, as has previously been shown by Steenbock and Bout- 
well (ij). 

BXPBRIMBNTS WITH CORN AND TOMATO-SBBD PRSSS CAKB 

Studies made in this laboratory (S) have shown that tomato-seed 
press cake contains nearly 37 per cent of protein and that the nutrition¬ 
ally essential amino adds are well represented in these proteins, being 
relatively high in arginine, lysine, and cystine. Qualitative tests also 
show the presence of tryptophane. The nutritional adequate of these 
protdns, as shown by chemical studies, has been confirmed by feeding 
experiments (3). 

On a diet in whidi the protdns were furnished by 75 parts of whole 
ydlow com meal and 25 parts of tomato-seed press cate, growth at ^e 
normal rate was secured (Chart 2). On sudi a d^et, the tomato-seed 
press cate furnished 7.4 per cent, and the com 5.4 per cent di protein. 
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Decreasing the protein level to 7.2 per cent, but keeping the proportion 
of tomato-seed press cake to com the same, resulted in a rate of growth 
somewhat below the normal. This was better, however, than the diet 
in which com alone was used to furnish the same amount of protein. 
An average gain in weight of 0.94 gm. per gram of protein intake 
was obtained during an ii-week period on this mixture. With the 
com alone, an average gain of only 0.73 gm. was secured. The low level 
of the protein intake was responsible for a rate of growth somewhat 
below normal. By using a diet somewhat below the minimum require¬ 
ment of protein for normal growth, the maximum gain in weight per 
gram of protein intake is obtained. Such a diet affords a better basis 
for a comparative study of the growth-promoting value of different 
proteins. 


EXPERIMENTS WITH CORN AND COCONUT PRESS CAKE 

Diets in which the proteins were obtained from mixtures of equal 
parts of coconut meal and whole yellow com enabled albino rats to 



Chart a.-^The plain continuous lines represent the rate of growth of rats on diet x, containing 5-4 per cent 
of protein from com, supplemented with 7.4 per cent of protein from tomato-seed press cake; the growth 
represented by the continuous dotted lines was made on diet a, of which 3. z per cent of the proteins came 
from com, and 4.1 per cent from tomato-seed press cake. 

grow at the normal rate. On such a diet, the coconut meal furnished 8.4 
and the com 3.6 per cent protein, respectively. This experiment shows 
that the coconut proteins supplement com proteins, since better than 
normal growth was obtained with 12 per cent of the mixture of proteins, 
while 13.1 per cent of coconut proteins alone, in an otherwise adequate 
diet, just barely sufficed for normal growth (7). When coconut meal 
furnished 4.2 per cent and com 5.4 per cent protein m the diet, growth 
was somewhat subnormal. The coconut meal used in these diets was 
made both by the expression process (A) and by the solvent process (B). 
The processes seemed to be of equal value as regards the nutritive prop¬ 
erties of the meal produced. The results of this experiment are records 
in Chart 3. Hie efficiency of a coconut-com protein mixture for pro¬ 
moting growth, as shown by these experiments, is in agreement with 
the results reported by Maynard and Fronda (xi), who found that 
“a mbetore of com me^ protein and coconut-oil-meal protein was of 
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sHglitly Ugher quality than the former alone, but mudi better than the 
latter alone.” 
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Cbaxt 4.'~These curves repr»ent tlie growth-promoting vglue of t prottisi tnhcturc* 5.4 per cent ol wliic&i 
was luTttished by com meal, and rowz per cent by peansst meal. 

Loughlin (i) have shown that normal growth can be xcured. In our 
expmments normal growth was obtained whh mixtures consisting of 75 
iwats of com meal and 25 parts of peanut flour at a protein level of 15.5 
per cent. From such a proteih mixture two-thitds of the protein was 
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Chart 5.—Growth curves showing the supplementary value of peanut proteins when fed with com proteins, 
* at a low protein intake level. 

alone furnished the protein in a diet otherwise adequate at the same level 
(Chart 5). 

The average gain in weight per gram of protein in this mixture during 
an eleven-week period was 1.23 gm. compared with 0.73 gm. on corn 
alone. Rat 1043, in the above lot, was not included in the average. 


perap 


Chart 6.**-*These curves show the excellent growths obtained on a diet <.4 per cent of the proteins of which 
was furnished by com, and 9.9 per cent by soy-bean meal 

aXPBRMENTS WITH SOY BEAN AND CORN 

It has been shown (lo, 2) that soy-bean proteins are adequate for the 
normal growth of albino rats. Our experiments were made with a diet 
in which 25 parts of soy-bean flour replaced an equal quantity of com 
meal. This diet contained 14.6 per cent of protein. Better growth than 
at the ntxrmal rate was obtained (Chart 6) when to such a mixture was 
added a suitable inorganic salt,mixture, lard and butter fat. In this 
diet, 9.2 per cent of the protein was furnished by soy beans and 5.4 per 
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eaxt by the com. McCollum {lo) has shown that a supplementary re¬ 
lationship exists between com and soy-bean proteins in the ratio of 6 per 
cent of the former to 3 per cent of the latter. 

When the protein level of the cora-soy-bean mixture was reduced to 
7.2 per cent, so that the com furnished 2.6 per cent and soy bean 4.6 per 
cent of the protein of the diet, decidedly better growth resulted than 
when com at the same protein levd in an otherwise adequate diet was 
used. Rat 926 of this lot showed even a better than normal rate of 
growth at the end of about 95 da)rs (Chart 7). 

During an eleven-week period, the rats of this lot (excluding rat 1041,. 
which for some reason other than a d^dency in the diet made practically 
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Chart 7 .->Curves showing the supplemenUry value of soy-bean proteins when fed with com proteins, at i 

low protein intake levd. 


no growth) made an average gain of 1.48 gm. per gram of protein con¬ 
sumed. 

Table I .—Gain of body weight per gram of ingested protein 




Protein in— 


Gain per 

Dkt.i 

1 

Com. 

Concen¬ 

trate. 

Total. 

gram 

(n wedcs). 

Com. 

Per cent. 
7.2 
3- I 

Percent. 

Percent 

7.2 

7.2 

Gm. 

0*73 

•94 

Com+tomato-secd press cake. 

4-1 

Corn+peanut meal. 

ll 

4.7 

7.2 

I. 33 
1 . 48 

'Com+soy-bean meal. 

4 . 6 

i 

7.2 


^ HieiK diets were made adequate with respect to the nutritionally essential factors other than proteins* 
(See charts.) 

Although the ratio of the percentage of concentrate protein to com 
protdn is not exactly the same in these diets (T^le i), it can safely be 
concluded that the groi/nth-promoting value of the protdns of these con- 
emtrates, as supplements to the prot^s^ com^ is in the following order: 
Soy bean, peanut, and tomato seed. In the eiqieriments with the coco- 
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nut press cake, no diets containing as low a protein content as 7.3 per 
cent were used. Therefore, a direct comparison of the nutritive value of 
the proteins of this concentrate with the other concentrates studied, can¬ 
not easily be made. 

SUMMARY 

Mixtures consisting of 25 parts of tomato-seed press cake, soy-bean 
flour, or peanut flour, and 75 parts of yellow com meal, which contained 
from 12 to 15 per cent of protein, have been found to furnish proteins 
adequate for the normal growth of albino rats when incorporated in a 
diet made nutritionally adequate with respect to the dietary factors 
other than protein. 

A mixture of equal parts of com meal and coconut meal at a protein 
level of 12 per cent was found efficient for growth at the normal rate. 
The growth was somewhat subnormal when the proportion of protein 
was reduced to 9.6 per cent. 

From experiments in which the mixtures of com meal and concentrates 
furnished 7.2 per cent of protein, it is concluded, from the gain in weight 
per gram of protein consumed, that the comparative growth-promoting 
value of the'proteins of tomato seed, peanut and soy ’^ean, a supple¬ 
ment to com proteins, is in the order: Soy bean, peanLt, and tomat' seed. 

LITERATURE CITED 

(i) Danibls, Amy L., and Loughun, Rosemary. 

1918. rsBDiNG EXPBRiMENTs WITH PEANUTS. In JouF. Biol. Chem., V. 33, 

p. 395-301, 3 charts. 

(a)-and N1CH01.S, Nell B. 

1917. THE NUTRITIVE VAiuE OF THE SOY BEAN. In JouT. Biol. Chem., V. 3a, 
p. 91-103, 6 charts. 

(3) Finks, A. J., and Johns, Carl O. 

1931. STUDIES IN NUTRITION. VHl. THE NUTRITIVE VALUE OF THE PROTEINS 
OF TOMATO SEED PRESS CAKE. In Amer. Jour. Physiol., v. 56, p. 
404-407, 3 charts. Bibliography, p. 407. 

(4) Johns, Carl O., and Finks, A. J. 

1930. STUDIES IN nutrition. IV. THE NUTRITIVE VALUE OF PEANUT FLOUR 
AS A SUPPLEMENT TO WHEAT FLOUR. In Jour. Biol. Chem., V. 43, 
p. 569-579, 6 charts. Bibliography, p. 579. 

(s)- 

1921. STUDIES IN NUTRITION. V. THE NUTRITIVE VALUE OF SOY BEAN FLOUR 
AS A SUPPLEMENT TO WHEAT FLOUR. In Amer. JoUT. Physiol., V. 55, 
P- 4 SS’" 46 Ii 3 charts. 

(5) -and Gersdorff, C. E. F. 

1919. GLOBULIN OF THE COCOANUT, COCOS NUCIFERA. I. PR]^ARATlON OF 

COCOANUT OLOBUUN. DISTRIBUTION OF THE BASIC NITROGEN IN 
COCOANUT GLOBULIN. In JouT. BioL Chem., v. 37, p. 149-153. Bib¬ 
liography, p. 153. 

(^)-and Paul, Mabel S. 

1919. STUDIES IN NUTRITION. I. THE NUTRITIVE VALUE OF COCONUT GLOBU¬ 
LIN AND COCONUT PRESS CAKE. In JoiiT. Biol. Chem., y. 37, p. 497- 
50a, 4 charts. 

(g)-and Gersdorff, Charles E. F. 

19Sa. THE PROTEINS OF THE TOMATO SEED, SOLANUM ESCULENTUM. In JotlT. 
Biol. Chem., v. 51, p. 439-453. Bibliography, p. 45a. 

(9) Jones, D. Breese, and Johns, Carl O. 

1930. hydrolysis of the GLOBULIN OF THE COCONUT, COCOS NUCIFERA. 

/n Jonr. Biol. Chem., v. 44, p. ^1-301. Bibliography, p. 301. 

(so) McCoLLxm, B. V., Simmonds, Nina, and Parsons, H. T. 

193Z. SUPPLEMENTARY PROTEIN VALUES IN FOODS. XV. THE SUPPLEMENTARY 
RELATIONS OF CEREAL GRAIN WITH CEREAL GRAIN; LEGUME SEED WITH 
LEGUME seed; and CEREAL GRAIN WITH LEGUME SEED; WITH RESPECT 
TO IMPROVEMENT IN THE QUALITY OF THEIR PROTEINS. In JoilT, Biol. 
Chem., V. 47, p. 307-334, 13 charts. 



978 


Journal of Agricultural Research voi. xxiv, m«. « 


(it) Matmard, L. a., aad Prokda, F. M. 

19a I. THS R8I.ATIV8 OROWTH-PROMOTINO VALlTg OP THg PROTglN OP COCONUT 
on. HBAl., AND OP COMBINAnONS OP IT WITH PROTSIN PROU VARIOUS 
OTHER FEEDING STUFFS. N. Y. (Cornell) Agr. Exp, Sta. Mem. 50^ 
p. 621-633, fig. 74-77. 

(x2) OsBORNEi Thomas B., and MendEu, I^ayette B. 

1917. THE USE OF SOY BEAN AS FOOD. In JouT. Biol. Chem., V. 3a, p. 369-387, 
5 charts. 

(13) Steenbock, H,, and Boutwex^u, P. W. 

X920. FAT-SOLUBIaE VITAMINE. lU. THE COMPARATIVE NUTRITIVE VAl^UE OF 
WHITE AND YELLOW MAIZES. In JouT. Biol. Chem., V. 41, p. 81-96, 
pi. 2, 7 charts. 


ADDITIONAL COPIES 

Ot THIS PUJQUCATION MAY BS PROCURED PROM 
THE superintendent OP DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

10 CENTS^ER COPY 
Subscription Price, I4.00 Per Year 

PURCHASER agrees NOT TO RESRI,!, OR DISTRIBUTE THIS 
COPY POR|PROFtT.—PUB. RES. 57, APPROVED MAY IX. 192a 

V 




JOURNAL OF AGRianiALffiSMCH 

Voi/. XXIV Washington, June 23, 1923 No. 12 


THE MODE OF INHERITANCE OF RESISTANCE TO 
PUCCINIA GRAMINIS WITH RELATION TO SEED 
COLOR IN CROSSES BETWEEN VARIETIES OF 
DURUM WHEAT‘ 

By J. B. Harrington, Graduate Student in Plant Breeding, University of MinnesoUt^ 
and O. S. Aamodt, Assistant Pathologist, Office of Cereal Investigations, Bureau 
of Plant Industry, United States Department of Agriculture * 

INTRODUCTION 

It has long been recognized that the production of economically desir¬ 
able varieties of wheat resistant to Puccinia graminis tritici Ei^ss. & 
Henn. would be of great value. Until recently, hybridization experi¬ 
ments with this end in view were based upon a very incomplete knowledge 
of botli the exact nature of the pathogene and the nature of the inherit¬ 
ance of resistance, and consequently, satisfactory results were not 
obtained. A knowledge of the mode of inheritance of certain desired 
economic characters of wheat together with the discovery that there are 
several biologic forms of stem rust of wheat has been of much importance 
in placing breeding studies on a definite basis. Several varieties belong¬ 
ing to different species or subspecies of wheat have been found to be resist¬ 
ant to certain biologic forms. It is hoped that by hybridization, resistance 
to all "biologic forms may be combined in one variety. The present 
problem was attacked chiefly for the purpose of determining whether the 
resistance of two varieties, having different factors for resistance, may be 
combined in the progeny of a cross between them. 

* REVIEW OF PREVIOUS INVESTIGATIONS 

Since 1894, when Eriksson (7)* discovered biologic specialization in 
the black stem rust, numerous investigators (d, p, 25) have corroborated 
his work. The reports of Ward, Evans, and o^ers {32, 8, p) indicated 
that biologic forms might change rather rapidly as a result of host in¬ 
fluence but more recent work by Stakman and others (57, 30) showed 
that biologic forms were apparently quite stable. Previous to 1916, it 
was generally believed that only one form of black rust attacked wheat. 
- m - 
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However, the investigations of Stakman and others {28, 29, 21, 20, 26) 
have proved that there are a number of biologic forms of this rust. 

A total of 37 different biologic forms of Pucdnia graminis tritici have 
been isolated at the Minnesota station by Stakman and Levine {25a). 
No one form has been found to attack all varieties of Triticum species and 
no wheat variety has been found to be resistant to all rust forms, except 
IChapli emmer, a variety of T. dicoccum. The exact distribution of 
each biologic form is not known (ip). Perhaps not half of the 37 forms 
are present in any one wheat-growing district. For example, only 14 
forms had been collected up to December, 1921, in western Canada {23). 
However, as it is possible that some forms may spread into new dis¬ 
tricts, the problem of breeding for resistance means working for a variety 
resistant to all known forms of rust. 

^e study of disease resistance in wheat dates back over a centiuy. 
According to Biffen (3), Thomas Knight, in 1815, suggested that dis¬ 
ease-resistant varieties mig^t be raised, and Farrar, in 1889, stated 
that susceptibility to rust was hereditary in wheat. Biffen (j), in 1905, 
crossed Red King, a variety susceptible to Puccini glumarum (Schm.) 
Erikss. & Henn., with Burt, a resistant variety. The Fj progeny was 
susceptible and the F, progeny segregated into susceptible and resistant 
in a 3; I ratio. Later, Biffen (4) stated that the relatively immune 
hybrid forms of wheat bred true and that the immunity was independent 
01 any discernible morphological character, that is, the factors for resist¬ 
ance were inherited independently of other factors. More recently, Biffen 
(5) reported the production of a rust-resistant wheat which likewise 
possessed other desirable economic characters. 

Some excellent results in breeding for disease resistance in crop plants 
have been reported by various workers, but the problem is rarely as 
difficult as in the case of'stem rust of wheat. Gaines {12) crossed two 
varieties of wheat highly resistant to bunt and obtained in the F, some 
plants which were more susceptible than either parent and a large 
percentage which were immune. He concluded that the two varieties 
had different factors for resistance. Garber (13), in 1921, found that 
resistance to P. graminis avenc^ Erikss. & Henn. was a dominant char¬ 
acter, a ratio of 3 resistant to i susceptible being obtained in F,. 

A definite grouping of the wheat subspecies according to their reaction 
to P. tritidna Erikss. was made by Vavilov (jr) in 1914. The use of inter¬ 
specific crosses in breeding for rust resistance is liable to some complica¬ 
tion owing to tfie linkage of certain factors. In 1917, Freeman (ro) 
reported cases of linked quantitative characters in wheat crosses. In 
1919, Hayes, Parker, and Kiulzweil {16) found that in crosses of varieties 
; of T. vtUgare with varieties of T. dicoccum, resistance was dominant. In 
crosses of T. vulgare with T. durum susceptibility was dominant and in 
F, there was strong linkage between rast resistance and the durum 
character. The sinpoificant fact, however, was that some crossing-over 
occurred. It was apparent, therefore, that there was a possitaUty of 
transferring the resistance of durums or emmers to common wheats. 

Puttick {24), in 1920-21, studied the reaction of the F, generation of 
a cross between a common and a durum wheat to two biologic forms of 
P. graminis triHd to which these varieties reacted recipocally. F, 
seedlings were inoculated with one rust and later the infected leaves 
were cut off and the plants .were inoculated with a second rust form. 
All gradations between complete susceptibility and immuni ty to both 
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forms of rust were obtained. Some of the progeny appeared to be 
resistant to both forms. 

More recently Melchers and Parker (22) found that a single factor 
was responsible for the resistance in crosses of Kanred *with Marquis, 
Preston, and Haynes Bluestem, which were inoculated with a single 
form of rust. Segregation in Fj was in a 3:1 ratio of resistant and 
susceptible plants. The results were verified by carrying the study 
through the third generation. 

Aamodt (r, 2), in 1921, studied the inheritance of resistance to several 
biologic forms of P. graminis tritici in a cross between Kanred, a winter 
wheat, and Marquis, a spring-sown variety. Kanred is resistant to a 
number of biologic forms whereas Marquis is susceptible to most of them. 
Fj seedling plants inoculated with a form of rust to which Kanred was 
immune and Marquis susceptible proved either resistant or susceptible. 
Families, homozygous for spring habit of growth and for resistance to 
all the forms of rust to which Kanred was resistant, were obtained in 
the Fj. Here a single factor apparently determined the reaction to 
several biologic forms, to ii of which Kamed is immune. 

Of the 3*7 known biologic forms of stem rust 21 were found in the area 
where hard red spring wheats are grown.^ The most recent study in 
disease-resistance breeding at the Minnesota station shows the possibility 
of synthetically producing a desirable vulgare variety of wheat tliat will 
be resistant to all of these biologic forms (17). This is to be accom¬ 
plished by means of several crosses and double crosses between varieties 
having the desired resistance and those having the necessary bread-wheat 
qualities for yield, milling, baking, etc. 

In the present investigation use was made of a cross between two 
varieties of durum wheat which react reciprocally to two biologic forms 
of rust, each being resistant to the form to which the other is susceptible. 
It was hoped that some Fg families would prove resistant to both forms 
of rust. In addition to a study of the genetic factors concerned with 
resistance the relation of seed color to rust resistance was also considered. 
That resistance to several biologic forms is governed by a single factor, 
in the Kanred X Marquis cross, indicates the importance of learning as 
much as possible about the inheritance of resistance to various rust 
forms in different crosses. 

MATERIALS AND METHODS 

The Fj families ® of two T. durum crosses. Kubanka 8 (C. I. 4063) X 
Pentad (C. I. 3322) and Mindum (Miim. No. 470) X Pentad, were used. 
Kubanka No. 8 is a white-seeded selection from common Kubanka 
(C. I. 1440). Pentad is a red-seeded variety selected at the North 
Dakota station. Mindum is a white-seeded selection of the Amautka 
type. Seedling plants from each F, family were inoculated in the green¬ 
house with two biologic forms of P. graminis iriiici. The crosses were 
made in 1920, and &e F, generation was grown in the greenhouse at 
Washington, D. C., during ^e winter of 1920-21. The F, generation 
was grown in the plant-breeding nursery at University Farm, St. Paul, 
Minn., during the 1921 season, the plants being harvested individually. 


* Uttpublishcd results of Staktaan aod I^evine. 

^ ^ The tenn family** is used in this article for the seedliog plants grown from the seeds of a single 
plant. 




982 


Journal of A griculiural Research voi. xxiv, ko m 


The material was a pa^t of that which was being used for the purpose of 
obtaining resistant wheat for Rowing in the Northwest This problem 
was being cooperatively investigated by the Sections of Plant Breeding 
and Plant Pathology of the Minnesota Agricultural Experiment Station, 
and the Office of Cereal Investigations of the United States Department 
of Agriculture. The individuahy harvested F, plants were furnished to 
the present writers. The biologic forms of rust were some of those 
which were being studied by M. N. Levine. 

Plants of each Fj family were grown in 4-inch pots in the greenhouse, 
one family in each pot. All pots of soil were steam sterilized imme¬ 
diately bdore use and the seed was sown at a uniform depth. A large 
proportion of the hybrid seed as well as of the parental seed was infected 
with Helminthosporium and consequently the number of plants per pot 
varied between 8 and 20. The seedlings were grown in a seedling 
section of the greenhouse in which no rust-infected plants were kept. 
When they were about 3 inches high they were inoculated with fresh 
urediniospores of one of the two forms used. Only one rust form was 
worked with at one time. The pots were then placed in an incubation 
chamber for 40 to 48 hours with a number of control pots of the parental 
varieties inoculated in the same way. The two forms of rust were kept 
on well-separated benches to avoid accidental contamination of one 
with the other. An attempt was made to keep the temperature, mois¬ 
ture, and light condition the same for all plants. The methods used 
were essentially the same as tliose described by Stakman and Piemeisel 
( 29 ). 

Notes on the character of infection with both forms were taken from 
15 to 19 days after the date of inoculation. The amount and rapidity 
01 rust development was found to vary in response to environmental 
conditions. However, the character of infection was- found fairly 
constant within certain limits, regardless of external influences. 

Tbe F, seedling plants were inoculated in sets of about 25 to 40 pots 
each. The total interval during which results were being recorded for 
the reaction to any one biologic form was approximately two weeks. 
In addition to running control plants of the parental varieties with each 
set of hybrid plants, one or more complete sets of “differential” varieties 
were inoculated during work with each form. In this way a complete 
control was obtained on the identity of the form being used. The 
differential varieties used were as follows: little Club (C. I. 4066); 
Marquis; Kanred; Kota (C. I. 5878); Amautka (C. I. 4072); Kubanka 
(C. I. 2094); Mindum (Minn. No. 470); Acme; Einkom (C. I. 2433); 
Vernal emmer (Minn. No. 1165); and I^apli emmer (C. I. 4013). 

The percentage of infected plants obtained, on the average, was very 
satisfactory. Of a total of more than 10,321 plants which were inoculated 
796 showed no inf^tion. 

In recording the types of infection the symbols prepared by Stakman 
and Levine (25a) in their work on biologic specialization were used. 
These classes of host reaction and of corresponding types of Section 
resulting from inoculation of seedling wheat plants with spores of 
Puccinia gf'anUnis trUid are as follows: 
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ACCURACY OF THE RESULTS 

In estimating the accuracy of the types of infection that appeared on 
the hybrids the behavior of the rust on pure varieties was taken as a 
criterion of the average amount of variation that occurred. In Table I 
the results of inoculations made with Form I on February 10 and 20 
are given for a number of varieties, including Mindum and Pentad. 
In several cases, as those of Little Club and of Khapli, the results from 
the two periods are practically identical. In the majority of cases, how¬ 
ever, the rust development from the inoculations of February 10 was 
weaker than from those inoculations made February 20. For example, 
einkom had type 3 infections from the first inoculation but type 4 
from the later inoculation. Similarly, with Kota, the February lo 
inoculations produced type 3 infections whereas type 4 resulted from 
the February 20 inoculations. 

TablB I .—A comparison of the types of infection produced by biologic Form i on several 
varieties of wheat at two different periods 


Group and variety. 

Date 

inoculaUd. 

Common wheats: 


Little Club. 

Feb. 10 


20 

Marquis. 

10 


20 

Kanred. 

10 


20 

Kota. 

10 


20 

Durum wheats: 


Amautka, C. I. 

10 

1493 - 

20 

Kubanka, C. I. j 

10 

4063. 

20 

Acme. 

10 


20 

Mindum. 

JO 


20 

Pentad.. 

10 


20 

Einkom. 

10 


20 

Emmers. 

10 

Venial. 

20 

Khapli. 

10 


20 



Total 
of in¬ 
fected 
plants. 


24 

^3 

12 

14 

14 

IX 

14 

15 


15 

13 

13 
15 
15 

IX 

38 

31 

24 

24 

14 
14 

n 

14 

13 

14 


The appearance of a type 4 infection on i out of 11 Kanred plants 
inoculated February 20 and similarly on 1 out of 31 Mindum plants, 
indicated accidental infection from some other form of rust, or impurity 
in the seed due to mechanical mixture or to natural crossing. , The 
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Arnautka seed was known to be impure. This explains why 8 out of the 
28 plants inoculated did not appear to be immune. Hayes {14) and 
Hayes and Garber (15, p. 35-36, 77-78) have reported from 2 to 3 per 
cent of natural crossing in wheat grown at St. Paul, Minn. A rather large 
difference is shown between the inoculations of February 10 and February 
20 on Pentad. This demonstrates the value of running several pots* of 
the parental varieties with each set of hybrid families. 

From the foregoing discussion it should not be concluded that the 
variations were so ^eat as to obscure the results. The reaction of the 
Fj plants to the different forms of rust was constant within certain 
limits and the fact that the plants which were tested were of the third 
hybrid generation, and consisted of families each arising from a single 
Fj plant, makes the interpretation of the various reactions a fairly 
definite matter. 


BASIS FOR INTERPRETING' RESULTS 

As the determination of the genetic nature of resistance was the chief 
object of this investigation, the results obtained were interpreted on 
the basis of the reactions of the parental varieties to the forms of rust 
used. The Fj families were placed in five classes with reference to 
reaction to the different biologic forms, viz, resistant, near-resistant, 
heterozygous, near-susceptible, and susceptible. In the work with 
Form I the class designations “immune” and “near-immune” were 
used instead of “resistant” and “near-resistant” owing to the nature 
of the Mindum reaction. 

Fj families showing resistance similar to that of the resistant parent 
were termed resistant. Similarly, the F, families showing susceptibility 
equivalent to that of the susceptible parent were classed as susceptible. 
Those Fj families having 9 or more apparently resistant plants and one 
plant showing susceptibility were classed as near-resistant. Likewise 
Fj families with 9 or more plants showing susceptibility and one plant 
appearing resistant were placed as near-susceptible. 

It is probable that some of the Fj families placed in the near-resistant 
or near-susceptible class were in reality heterozygous. It is also probable 
that others placed in these classes were resistant or susceptible, respec¬ 
tively. Owring to the likelihood of the occurrence of certain eirors, 
which have been discussed in a previous section of this paper, it was not 
possible to determine the exact genetic nature of the “near-resistant” 
and "near-susceptible” Fj families. It was best, therefore, to leave 
these doubtful F, families in classes which by their names indicate 
their character. 

All F, families not falling in one of the preceding four classes were 
termed heterozygous. The heterozygosity of various F, families varied 
from a preponderance of apparently susceptible plants to a preponder¬ 
ance of plants showring resistance. Of ^e five different classes the 
resistant class is of greatest importance, as it represents the Fj families 
which appeared homozygous for resistance. 


* The word **pot'* is used throughout this article to denote the group of plants of a pure line parent 
variety growing in a tingle pot, such a group being comparable to a group of Fs plants (an Pi family) 
likewise growing in one pot. 
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EXPERIMENTAL RESULTS 
THE SEED COLOR RATIO 

The inheritance of seed color in wheat has been studied for a number 
of years. Ratios of 3:1, 15:1, and 63:1 of red-seeded and white-seeded 
plants, respectively, have been obtained in the Fj of crosses between red- 
seeded and white-seeded wheats (3, 18, 19, ii). Apparently there may 
be from one to three factors for red seed color present in different wheats. 
When one or more of the factors for red are present red seed results. 

The results obtained in the present study are. given in Table II. Of 
364 Fj plants of the Kubanka No. 8 X Pentad cross that were classified, 
295 were red-seeded like the Pentad parent and 69 were white-seeded like 
the Kubanka No. 8 parent. The observed ratio was 3.21 :o.79 with red 
seed color dominant. There were 599 Fj plants of the Mindum X Pentad 
crosses classified. The red-seeded totaled 449 and the white-seeded 150, 
the ratio being almost exactly 3: i with red seed color dominant. In 
both cases the presence of a single factor for seed color is indicated. 


Tabi,b II. —Classification of Ftfatnilies on the basis of seed color 




No. of Fa families. 

Cross. 

Family num- 

1—.. 


— 


bcrs of Pi. 

Red- 

White- 




seeded. 

j seeded. 

1 otai. 

Kubanka No. 8X Pentad. 

774 to 793 j 

295 1 

69 

364 

Mindum X Pentad. 

793 to 810 1 

247 

82 

3*9 

Mindum X Pentad. 

644 to 680 j 

! 

202 

68 

270 


THE Fa SEED COLOR IN RELATION TO THE RUST REACTION OF THE 

PROGENY 

Tablb III. —The relation of seed color to the reaction of the F* generation of two durum 
crosses to two biologic forms of P. graminis tritici 


Parents of Fi families. 


Reaction of Fi families. 


Cross. 

Seed 

color. 

Biologic 
form used. 

Kubanka N0.8X Pentad 

Red... 

XXXIV 

Do. 

White . 

XXXIV 

Mindum X Pentad. 

Red ... 

I. 

Do. 

White.. 

I. 

Do. 

Red... 

XXXIV 

Do. 

White.. 

XXXIV 

i 


Classes of infection. 


Resist¬ 
ant or 
im¬ 
mune 

Near- 
resist¬ 
ant or 
near- 
im¬ 
mune. 

Hetero¬ 

zygous. 

Near- 

sus- 

cept- 

ible. 

Sus¬ 

cept¬ 

ible. 

8 

4 

70 

15 

X04 

X 

z 

14 

s 

24 

23 

7 

39 

6 

6 

21 

6 


4 

IX 

9 

a 

48 

to 

XX 

S 

4 

20 

1 

0 


ToUl 
num¬ 
ber rf 
fami- 
Ues. 


301 

8x 

80 

30 


Table III summarizes separately the results for the F, families arising 
from red-seeded F, parents and for those from white-seized F, parents. 
The Kubanka 8 X Pentad F, famines reacted with Form XXXIV as fol¬ 
lows : Of those from red-seeded parents, 8 appeared to be resistant, 4 near- 
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re^stant, 70 heterozygous, 15 near-susceptible, and 104 susceptible; of 
those from white-seeded parents, i was classed as resistant, i near- 
resistant, 14 heterozygous, 5 near-susceptible, and 24 susceptible. A 
biirf comparison of these two sets of figures reveals their similarity, 
that is to say, no correlation of seed color with resistance or suscepti¬ 
bility to rust was indicated. 

Mindum X Pentad F, families when inoculated with Form I gave the 
following results: Of those from red-seeded parents, 23 were classed as 
immune, 7 near-immune, 39 heterozygous, 6 near-susceptible, and 6 
susceptible; of those from white-seeded parents, 21 were placed as 
immune, 6 near-immune, 43 heterozygous, 4 near-susceptible, and ii 
susceptible. Here again the distribution of families from red seed was 
similar to that of the progeny of white-seeded plants, A lack of corre¬ 
lation of seed color witt resistance or susceptibility to rust was evident. 

Mindum X Pentad F, families when tested with Form XXXIV reacted in 
the following ways: Of those from red-seeded parents, 9 appeared resistant, 
2 near-resistant, 48 heterozygous, 10 near-susceptible, and ii susceptible; 
of those from white-seeded parents, 5 were classed as resistant, 4 near- 
resistant, 2*0 heterozygous, i near-susceptible, and none susceptible. A 
comparison of the distribution of the progeny of the red-seeded parents 
with that of families arising from white-seeded parents shows differences 
in the near-susceptible and susceptible classes. These, however, can not 
be given much weight owing both to the small number of families classi¬ 
fied and to the fact that Mindum, the white-seeded parent, was suscep¬ 
tible, whereas only f of the 30 families from white-seeded F, was in the 
near-susceptible and susceptible classes. If anything, a negative corre¬ 
lation is indicated. 

A summarization of the data concerning the mode of inheritance of 
rust resistance with respect to seed color shows that no correlation was 
found to exist between the two. It is important to note that each of the 
three sets of data shows everal F, families which were homozygous for the 
reaction of the Pentad parent and also homozygous for the ^ed color of 
Mindum or Kubanka No. 8 parents. Rust resistance and seed color 
appeared to be inherited independently. 

RESUI,TS OP INOCULATIONS OP KUBANKA NO. 8 X PENTAD Pj PAMILIES WITH 

BIOLOGIC PORM XXXIV, 

The data obtained for Kubanka No. 8 X Pentad with Form XXXIV are 
summarized in Table IV. About 35 control pots of Kubanka No. 8 were 
inoculated. 'Of the 308 plants that were infected, 21, or about 7 per cent, 
h^ type I infections and 287 showed types ranging from x — to 4. In 
view of the fact that possible errors and variations may result in types of 
infection outside of l^e normal range, the type i infection on these 21 
plants vms regarded here as exceptional. The range of infection t3rpes 
on Kubanka No. 8 tested with Form XXXIV was therefore considered to 
be from x— to 4 (PI. I, B). All Kubanka No. 8 pots with plants giving 
^pes of infection falling within this range were classified as susc,eptible. 
Those pots with 9 or more plants, one of which had a type i infection, 
were placed in the near-susc^tible class. Pots having a greater percent¬ 
er cn plants with type i infections were classed as heterozygous. The 
disti^tion of the Kubanka No. 8 pots in the five dasses of infection was 
5 heterozygous, 5 near-susceptible, and 25 susceptible. There is no reason 
to bdieve timt 5 of the pa^t control pots were actually heterozygous 

433 » 6 ~- 93 *-~« 
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rather, the method of classification shows the accuracy with which 
the detennination of pure-line material could be made. 


Tabi,S IV.—TA« reaction (rfKubanka No. SxPtntad and F. families to biologic Form 

XXXIV 



The legitimacy of the foregoing method of analysis will become evident 
if a brief study is made of the type of data obtained and the object of the 
work. To make possible a classification which would form an adequate 
basis for the comparison of the reactions of the F, hybrids with those of 
the parental varieties it was necessary to establish a range for the types 
of infection normal for each parent. It might appear that the total dis- 
^bution of types of infection of a parental variety should be considered 
its normal range, and the hybrid reactions judged accordingly. This 
would throw all the pots of each parent into a single class, viz, with 
Kubanka No. 8 there would be 35 pots in the susceptible class, which 
would be the same as ignoring the possibility of any error in the results. 
Obviously that would lead to inaccuracies in classifying the hybrids, for 
it is well established that even with car^ully controlled conditions a 
certain amount of error is unavoidable. The method used has on the 
contrary much in its favor, for it tends to throw all doubtful F, families 
into ^e near-susceptible, heterozyraus, or near-resistant classes. 

Thirty-six control pots of Pentad were inoculated. Of the 369 plants 
that were iofected, all but ii ranged from o to x— in type of infection. 
These ii showed infection <rf the x-f type. Classification of the pots on 
the same basis as was used in the case of Kubanka No. 8 resulted in 30 
being placed as resistant, 4 near-resistant, aivl 2 heterozygous (PI. 1, A)> 

The use of these terms to derignate the diSttrat classes of tmecticm U 
relative. It is convenient to^ nail mp parent susoeptiUbe and the aHm 
resistant regardless of wfaetater die susceptibility or resistance is partial 
or complete. For die purpose of studying die g^ties of the icdiedtatioe 
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of the rust reaction it is inunaterial just what the classes are called. In 
the present cross, the Kubanka No. 8 parent is only partially susceptible 
but the Pentad paroit is quite resistant. It thus happens that the ranges 
for the two parent varieties overlap somewhat at the x— t)rpe of infec¬ 
tion. 

A total of 246 F, families were tested. The number of F, plants that 
showed infection was 2,401. The distribution of F, plants according to 
their types of infection and to the susceptible classes of the various 
families to which they belonged is given in Table IV. The 246 F, families 
were classified as 9 resistant, 5 near-resistant, 84 heterozygous, 20 near- 
susceptible, and 128 susceptible (PI. I, C-E). Then, one-sixth of the pots 
of Pentad, the resistant parent, were classed other than resistant. Con¬ 
sidering the F, on this basis, there were 9 plus 1.5, or 10.5 families which 
were as resistant as the resistant parent. The ratio of this number to 
that of the remaining families is i :22.4. The presence of 2 factors for 
rust reaction fairly satisfactorily explains the results. There was no 
evidence that either susceptibility or resistance was dominant, for the F, 
plants in the heterozygous class occurred in approximately equal numbers 
on either side of the x— type. 

RESULTS OF INOCULATIONS OF MINDUM X PENTAD Fg FAMILIES WITH 

BIOLOGIC FORM I 

The data obtained with Form I are summarized in Table V. Twenty- 
three control pots of each of the parental varieties were inoculated. Of 
the 274 Mindum plants that were infected, 269 had o and i types of infec¬ 
tion with a killing of the leaf tips in most cases, and 5 had type 4 infec¬ 
tions. These 5 plants clearly were either not Mindum or else they had 
been infected by chance spores of some other form. Accidental infection 
is almost unavoidable where many rust forms are being worked with but 
fortunately it is of infrequent occurrence and usually can be detected. 


Table V. —The reaction of the Fg of Mindum X Pentad to biologic Form I 


Parent varieties 
or Ft families. 

Class of infection. 

Distribution of Fs plants according to the type of 
infection shown. 

Total 
pots of 
parent 
varie¬ 
ties or 
Fb fami¬ 
lies. 

0 

X 

2 

X- 

1 

i ^ 

1 

x+ 

4 

Pentad. 

Heterozygous. 


4 


0 

I 

1 

c 


A 

Do. 

Near-susceptible.... 

*0 

X 

2 


y 

6 

2 

D 

10 


2 

Do. 

Susceptible. 




10 

0 

13 

X 4 

76 i 

0 

16 








Total... 


14 

6 


25 

17 

29 

76 

23 

Mindum. 

Immune. 


12 






30 

Do. 

Near-immune. 

IS 






2 

2 

Do. 

Heterozygous. 

6 






2 

1 









0 


Total... 


957 

12 





e 

23 


1 






D 

Fg. 

i Immune.. 








AA 

Do. 

1 Near*iiumune. 

1 150 


.... 


7 

I 

< 

1 % 

Do. 

! Heterozygous.. 

0 

3 

16 

60 

23 

xoo 

83 

Do. 

Near-susceptible— 

1 /’•o 

xo 

3 


10 

23 

X 5 

68 

10 

Do. 

Susceptible. 




6 

72 

2 

165 

17 








Total... 


H 

X3 

; a 

3a 

t 6 i 

40 

438 

x 66 
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The range of infection for Mindum was considered to include o and i 
t3^s of infection. In the immune class, 236 of the 248 ]}lants had o type 
infections, hence the immunity of Mindum to Form I is evident. The 
pots of Mindum were classified as 20 immune, 2 near-immune, and i 
heterozygous (PI. 2). 

In the 23 control pots of Pentad 167 plants were infected. Of these, 
147 had types of infection ranging from x— to 4, and 20 showed types 
o and I. Leaving these 20 plants out of consideration, the range of the 
type of infection was from x— to 4, as was the case with Kubanka No. 8 
when inoculated with Form XXXIV. At first glance it would seem that 
20 is a rather large number of plants to leave oot of consideration in a 
population of 167. It is not as significant as it appears to be, however, for 
many of the plants with o type infections showed only a few vague 
necrotic flecks which were not dearly distinguishable from similar effects 
sometimes produced on seedlings as a result of environmental conditions. 
The classification of Pentad pots gave 16 as susceptible, 3 near-susceptible, 
and 4 heterozygous (PI. 2). 

■ A total of 166 Fj families were tested. The number of F, plants inocu¬ 
lated was 2,340. Of these 2,169 showed infection. The distribution of 
Fj plants according to their types of infection and to the classes of the 
various families to which they belonged is given in Table V. The 166 
Fj families were dassified as 44 immune, 13 near-immune, 82 heterozy¬ 
gous, 10 near-susceptible, and 17 susceptible (PI. 2). 

A larger proportion of families was classified as immune and near- 
immune than as susceptible and near-susceptible. This was to be ex¬ 
pected from the progeny of the parents, one of which was immune and 
the other only moderatdy susceptible. Approximatdy one-eighth of the 
pots of Mindum, the immime parent, fdl outside the immune dass. The 
F, progeny, considered on this basis, shows 44 plus 5.5, or a total of 49.5 
families which appeared to be as immune as ^e immune parent, llie 
ratio of 49.5 to 166, which is the total number of families dassified, 
would seem to indicate the presence of a single differential factor. The 
variable results obtained with the Pentad parent prevent a more detailed 
analysis. 

The distribution of plants in the heterozygous dass with respect to the 
various types of infection shows a total of 734 with o, 1, and 2 types of 
infection (723 being of the o type) and 288 with types ranging from x— 
to 4. The dominance of immimity is evident. 

RESULTS OF INOCULATIONS OF MINDUM X PENTAD F, FAMDUES WITH 

BIOLOGIC FORM XXXIV 

The results obtained are summarized in Table VI. Thii^-three cop- 
trol pots of each of the parental varietira were inoculated. Tne reactions 
of Mindum and Pentad to Form 34 were the redprocals of their reactions 
to Form I. Of the 375 Mindum plants that showed infection all but 9 
had x4- and 4 tjrpes of infection. The remaining; 9 plants had x— and 
3 types of infection. Mindum is here the susceptible parent with a range 
of types of infection which is narrower than that of tiie susceptible parents 
in ^e work previously discussed. The pots ctf Mindum were dassified 
as 2 heterozygous, 4 near-susceptible, and 27 susceptible (PI. 3). 
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Table VI .—The reaction of the parent varieties and families of MindumY^Pentad 0 

biologic Form XXXIV. 


Parent vai ietiea 
or Pb families. 


Minduni. 
Do. . 
Do.. 


Total, 


Pentad. 

Do. 

Do. 


Total .. 


Do. 

Do. 

Do. 

Do. 


Total. 


Class of infection. 


Heterozygous. .. 
Near-susccptible. 
Susceptible. 


Resistant. 

Ncar-resistaiit. . 
Heterozygous... 


Resistant. 

Near-resistant... 
Heterozygous. .. 
Near-susceptible. 
Susceptible. 


Distribucion of Ps plants according to the type of 
infection shown. 


37 

3 


40 


38 

12 

38 


IIS 

18 


135 


53 

29 

48 


88 ! 130 


17 


x~ 


131 
24 
9 

164 


95 

53 

400 

8 


556 


X-f 


2 

7 

39 


14 

31 

273 


48 ' 318 


144 

4 

I 

149 


5 '• 

4 i 


8 


232 I 139 

47 : 90 

39 j 109 

326 I 338 


Total 
pots of 
parent 
vari¬ 
eties 
or P« 
fami¬ 
lies. 


2 

4 

27 


33 


26 

5 

2 

33 


14 

6 

68 

II 

II 

110 


Infection appeared on 357 of the inoculated Pentad plants. Of these 
9 reacted with x + type infections and i gave a 4 type. The other 347 
Pentad plants gave a range of infection types from o to 3. Only 5 plants 
showed type 3 infections, therefore this type would appear not to belong 
to the range for the resistant parent. However, the type 3 infection is 
much more like the x — .type than like the x +. In fact, experiments 
indicate that a variety of which the seedling plants give type 3 infection 
in the greenhouse is resistant in the field, whereas varieties showing x + in 
the greenhouse probably are not resistant in the field. Consequently, 
the 3 type infection may well be included in the range of the Pentad 
parent. Classification of Pentad pots gave 26 resistant, 5 near-resistant 
and 2 heterozygous (PI. 3). 

A comparison of the results obtained for Pentad in the study with the 
Kubanka No, 8 X Pentad cross with those obtained here reveals con¬ 
siderable differences in the number of plants showing the various types of 
infection. The two series of inoculations were made at different periods, 
Md consequently the conditions were not comparable. This strik¬ 
ingly brings out the fact that the value of the data taken on the hybrid 
material lays in the direct comparison made with the results from pots 
of parental plants grown under identical conditions. Reactions which, 
under one set of circumstances, would place an F, family in the near- 
resistant class might, under other circumstances, cause it to be classed as 
heterozygous, depending on the parental reactions at each period. 

It was noticeable that both parent and hybrid plants showed an abund¬ 
ance of hypersensitiveness to Form XXXIV. This probably accounts in 
great measure for the appearance of such large numbers of x — and x 
t}rpes,of infection. Sharp h3persensitive areas occurred around a large pro¬ 
portion of tl» uredinia of types 3 and 4 infections. Usually t3pe 4 shows 
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very little chlorosis and no necrosis. Here, however, about 50 per cent 
of the type 4 uredinia showed such a decided necrotic bordering that the 
advisability of creating a special class for this type of infection was con* 
sidered. Eventually it was concluded that the establishment of an ad¬ 
ditional type would possibly lead to some confusion without really prov¬ 
ing of value, as it was apparent that plants infected in this manner were 
susceptible, on account of the development of numerous large uredinia. 

A total of 110 F, families were tested. There were 1,711 F, plants in¬ 
oculated, of which 1,604 showed infection. The distribution of F, plants 
is summarized in Table VI. Classification of the no F, families gave 14 
as resistant, 6 near-resistant, 68 heterozygous, 11 near-susceptible, and 
11 susceptible (PI. 3). Since between a third and a fourth of the Pentad 
pots were placed outside of the resistant class, it may be considered that 
14 plus 4 or 18 Fj families were as resistant as the resistant parent. This 
number of resistant families is too small to indicate definitely the pres¬ 
ence of a single factor, and it is much too large to make a two-factor 
h)T)othesis feasible. The single factor is the more plausible explanation. 

If the near-resistant and resistant classes are grouped together, and 
similarly, the near-susceptible and susceptible classes, a fairly satisfac¬ 
tory 1:2 :i ratio is obtained. The presence of a single factor would ap¬ 
pear probable in this case. The results do not make possible a more 
exact genetic analysis. Examination of the distribution of F, plants in 
the heterozygous class showed a lack of dominance for either suscepti¬ 
bility or resistance. 

combinations op susceptibility and resistance op MINDUM X PENTAD 

P, FAMILIES TO FORM I AND FORM XXXIV 

Table VII correlates the results obtained with Form I and Form 
XXXIV for those fa m ilies which were inoculated with both forms. Vari¬ 
ous combinations of susceptibility, resistance, and heterozygosity to the 
two biologic forms appear. Six F, families were definitely resistant to 
Form XXXIV and immune from Form I as, for example, 809-21, 805-16, 
and 796-4 (PI. 4, A, B, C). Two families were quite susceptible to both 
forms, as 804-7 (PI. 4, E). Other families were resistant to dr immune 
from one form and susceptible to the other. Still other F, families were 
resistant or susceptible to one form and heterozygous to the other, as 
806-24 (PI. 4, D). Many families were heterozygous to both forms. 
There were also combinations of near-resistance and near-susceptibility, 
as 809-8 (PI. 4, F). 


Tablb VII .—The clatsifted reaction of MindumXPentad Ft families to biologic Forme I 

and XXXIV 


lUactioii to I^orm XXXIV. 

RcacUoa to Form X. 

Total. 

Imtntinc. 

Nesr- 

imintuie. 

Heterosy- 

SOi». 

N«ar* 

suscei>tibte. 

Susceptl- 

ble. 

Resistant. 

6 

0 

8 

0 


wM 

Near-resistant. 

X 

0 

9 

1 



Heterozygous. 

14 

7 

■ 36 

3 



Near-susceptible. 


I 

5 

X 



Susceptible. 


X 

3 

X 


■B 

Itatal. 

a; 

9 

54 

hb 

XX 

S07 
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The most significant feature of Table VII is that six F, hybrid families 
are shown to have been definitely resistant to both biologic Forms I and 
XXXIV. Gmridering the reaction of the parental varieties to these 
biolo^c forms, it is very likely that at least one of the two near-resistant 
families was likewise homozygous in its reaction. On this basis it 
would seem that two main differential factors may explain the results 
obtained, ^ese factors, if present, are inherited independently, which 
makes possible the combining of resistance to both forms in a single 
variety. 

THE REACTION OF THE MINDUM X PENTAD F* FAMILIES FROM WHITE- 
SEEDED PARENTS TO FORM I AND FORM XXXIV 

Table VIII correlates the results obtained for F, families from white- 
seeded parents when inoculated with Forms I and XXXIV. Out of a 
total of 34 families 2 were resistant to Form XXXIV and immune from 
Form I. The indications of 3: i ratios for Forms I and XXXIV are here 
substantiated in a very close 15: i ratio. 

TabIiB VIII. —The classified reaction of the progeny of MindumXPentad white-seeded Fj 
plants to biologic Forms / and XXXIV 


Reaction to Form XXXIV. 

Reaction to Form I, 

Total. 

i 

Immune. 

Near- 

immune. 

Heterozy¬ 

gous. 

Near- 

susceptible. 

Suscepti¬ 

ble. 

Resistant. 

2 

0 

3 

0 

0 

5 

Near-resistant. 

I 

0 

2 

0 

2 

5 

Heterozygous. 

3 

2 

II 

I 

2 ! 

19 

Near-susceptiblc. 

0 

0 

0 

0 

I 

I 

Susceptible. 

0 

0 

0 

0 

0 

0 

Total. 

6 

2 

16 

I 

5 

30 


The object of giving special treatment to the F, progeny of white-seeded 
F] plants is a recognition of the fact that the economic aspects of a prob¬ 
lem warrant careful consideration. Pentad, although high in rust 
resistance, is a poor milling wheat. Owing to the difficulty of distin¬ 
guishing the thrashed grain of one red durum from another, millers have 
come to discriminate against all red durums. There is consequently no 
immediate future for a new rust-resistant red durum, even though it be 
of good milling quality. 

DISCUSSION 

The study of the reaction of the F, generation of the durum crosses 
MindumXPentad and Kubanka No. 8XPentad to two biologic forms 
of P. graminis tritici has shown that all combinations of susceptibility 
and resistance to these forms may appear. The reaction of Kubanka 
No. 8 X Pentad F, families to Form XXXIV indicated the presence of two 
factors witib neither susceptibility nor resistance dominant. The re¬ 
sults obtained from MindumXPentad F, families inoculated with 
Form I can be explained on the basis of a single main factor difference 
with immunity dominant. The data for the reaction of Mindum X Penta^ 
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F, families to Fmm XXXIV gave some indication that a single factor 
was present, but dominance .was not apparent. No evidence of a correla¬ 
tion between seed color and rust reaction was found. 

As the action of each biologic form in ^neral was fairly unifcmn on 
individual plants of the differential varieties and also on the plants of 
Kubanka No. 8, Mindum and Pentad and the F, families, barring the 
X— and x+ types of infection, it may be conduded that the uredi- 
niospores of each form probably were of the same genetic constitution. 
Therefore, the factors concerned with susceptibility and resistance must 
have been located in the plants themselves. Furthermore, as different 
biologic forms differ in their parasitizing capabilities on the same varie¬ 
ties of wheat, thdr genetic constitution can not be the same. It is prob¬ 
able, then, that factors governing susceptibility and resistance to differ¬ 
ent biologic forms used in this experiment are different in natme and 
are located in different chromosome pairs. The results of the present in¬ 
vestigation show that when two varieties of wheat react reciprocally to 
< two biologic forms of P. gratninis tritici, one variety being resistant to otie 
, form and the other to the other form, it is possible by means of crossing 
; these varieties to obtain progeny resistant to both forms of rust. These 
I results furnish further evidence for the belief that eventually a variety 
of wheat can be produced which will be resistant to all biologic forms 
of this rust. 

SUMMARY 

(1) A study was made of the parasitic capabilities of two biologic 
forms of Puccinia gramims tritici on the F3 progeny from crosses between 
three varieties of’Triiicum durum. 

(2) Two of the parental varieties, Mindum and Pentad, reacted 
reciprocally to two of the biologic forms used. 

(3) The constancy of the parasitic capabilities of the biologic forms 
had been determined previously and, as additional evidence, complete 
sets of differential varieties were inoculated at the commencement and 
at the completion of the work Avith each form. Form XXXIV attacked 
Kubanka No. 8 but had little effect on Pentad, Form I produced no 
uredinia on Mindum but developed vigorously on Pentad. On the other 
hand. Form XXXIV infected Mindum severely but developed weakly on 
Pentad. 

(4) A separate set of 8 to 20 plants from each F, family was grown 
for use with each form of rust. Only first leaves were inoculated. 

(5) With respect to the reaction of the F, families to each of the two 
biologic forms of rust there were some families that were as resistant 
as the resistant parent, some as susceptible as the susceptible parent, 
and others which were heterozygous. 

(6) The results of using Form XXXPV on Kubanka 8 X Pentad F, 
families indicated the presence of two differential factors. 

(7) A single main factor difference explained fairly satisfactorily the 
results obtained for Mindum X Pentad F, families inoculated with 
Form I. 

(8) The results obtained when Mindum X Pentad Fj families were in¬ 

fected with Fortn XXXIV, gave some indication of the fu^nce of a 
^ngle factor. The data would not permit, however, a definite genetic 
analysis. v 

, (9) No relation wm found between seed color and rust resistance. 
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(10) All combinations of susceptibility and resistance of individual 
MindumX Pentad F, families to Form I and Form XXXIV appeared. 
Out of a total of no F3 families 6 were highly resistant to both forms of 
rust and 2 of these families were from white-seeded parents. 

(11) With the varieties of wheat used, it was found possible to com¬ 
bine, in a single variety, resistance to two biologic forms of stem rust 
of wheat, when crosses were made between two varieties which reacted 
reciprocally to these rust forms. 
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PLATE I 


The reaction of Pentad, Kubanka No. 8, and F., hybrids to biologic Form XXXIV. 

A. —Pentad, the resistant parent, norm^ly giving the o-type of infection with an 
occasional uredinium. 

B. —^Kubanka No. 8, the susceptible parent, giving numerous medinia more or less 
surrounded by chlorotic areas. 

C. D, E.—^Typical Fg families that appeared resistant, heterozygous, and suscep¬ 
tible, respectively. 
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PLATE 2 

The reaction of Mindunii Pentad, and Fa hybrids to biologic Form I. 

A. —^Mindum is immune, normally giving a few hypersensitive flecks. 

B. —Pentad is susceptible with types of infection varying from x— to 4. 

C. D.—^The Fa families ^own are, respectively: 802-6, which appeared heterozy-^ 
gous; 809-5, which was immune like Mindum; 804-17, which showed greater suscep¬ 
tibility than Pentad. 



PLATE 3 

The reaction of Mindtun, Pentad, and P^ hybrids to biologic Form XXXIV. 

A. —^Mindum, the susceptible parent, normally givinj|[ x+ and 4 types of infection, 
principally the latter; Pentad, the resistant parent, with a range of infection types 
tromotox^. 

B, C.—^The Fa families shown arc, respectively: 807-X8, heterozygous; 805-16, as 
resistant as the resistant parent; 8o4**t7, susceptiole like Mindum. 
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PLATE 4 


The reaction of certain MindumX Pentad Fj families to biologir Form XXXIV. 

A, B.—^Two Fs families (Sogj-ai and 805-16, respectively) from white-seeded parents, 
immune from Form I and resistant to Form XXXIV. 

C. —Family 796-4, from red-seeded parents and similar in reaction to A and B. 

D. —Family 806-^4, which was heterozygous to Form I and resistant to Form 
XXXIV. 

E. —Family 804-7, which was highly susceptible to both forms of rust. 

F. —Family 809-8, which fell into the near-susceptible class with Form I and in 
the near-resistant class with Form XXXIV. 




A STUDY OF RUST RESISTANCE IN A CROSS BETWEEN 
MARQUIS AND KOTA WHEATS ^ 


By H. K. Haybs, Head of Section of Plant Breeding, Division of Agronomy and Farm 

Management, Minnesota Agricultural Experiment Station, and Collaborator, Office of 

Cereal Investigations, United States Department of Agriculture, and O. S. Aamodt, 

Assistant Pathologist, Office of Cereal Investigations, United States Department of 

Agriculture 

INTRODUCTION 

A knowledge of the mode of inheritance of certain plant characters is • 
essential if the breeder is to outline his particular problem. Accord- t 
ingly one of the first steps in the investigations carried on for the purpose . 
of producing rust-resistant spring wheats has been to determine the 
genetic possibilities of attaining the desired end. 

Several years ago it was a common belief that the rust organism changed 
its infection capabilities so rapidly as to seriously interfere with the pro¬ 
duction of rust-resistant wheat. The investigations of Stakman and his 
coworkers (6, 7, and <?)* at the Minnesota station have proved that the 
variable results which have been obtained under field conditions are due 
to numerous biologic forms of rust which can only be differentiated by 
their manner of infecting particular pure lines of wheat. This has led 
naturally to the survey to determine the prevalence of particular rust 
forms and to the use of these forms in breeding experiments. The method 
is to determine those wheat varieties which are resistant to particular 
rust forms and then by means of crosses to build up desirable rust-resistant 
varieties. 

Kota (9) is the only rust-resistant spring common wheat which so far 
has been discovered, except for certain recently produced hybrids. 
Under humid conditions, however, Kota does not yield as well as Marquis 
and is seriously lacking in strength of straw. 

The purpose of this paper is to present certain studies of a cross between 
Kota and Marquis which were carried on with the hope of solving the 
following questions: 

1. Is the resistance of Kota to different biologic forms due to a single 
genetic factor, as in the case of Kanred ? 

2. Given Kota and Marquis, which react reciprocally to two biologic 
forms of rust, is it possible to produce from a cross of Kota and Marquis 
a variety resistant to both biologic forms ? 

,3. To determine the possibility of using the reaction of F, seedlings in 
the greenhouse to particular biologic forms of stem rust as a means of 
isolating F, families which have the resistance of the Kota parent under 
field conditions. 


' Accepted for pubHcation Feb. 20, 1923. Cooperative investigations between the Sections of Plant 
Breeding and Plant Pathology of the Minnesota Agricultural Kxpenment Station and the Office of Cereal 
Investigations* Bureau of Plant Industry, U. S. Department of Agriculture. 

Published with the approval of the Director of the Minnesota Agricultural Experiment Station as paper 
No. 3se ^ the Journal ^ries of the Minnesota station. 

* Roerence is made by number (italic) to “Literature cited,” p. 1012. 
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THE PRESENT STATUS OF THE PROBLEM 

For reviews of earlier studies which have led to the present mode of 
attack, the reader is referred to previous papers (j, 4). In the preset 
paper it seems sufficient to sum up the facts now at hand without making 
an extended review of literatiu’e. 

Thirty-seven biologic forms of stem rust have been discovered (6), 
and of these 21 have been found in the upper Mississippi Valley. If the 
resistance of a wheat variety to each of these biologic forms was due to a 
separate set of independently inherited factors the problem would be a 
very difficult one. If the resistance to one biologic form was due to a 
genetic factor which was allelomorphic to a factor for resistance to a second 
form the problem of obtaining a wheat resistant to all biologic forms 
. would be an impossibility. No variety of common wheat has been found 
' which is resistant to all biologic forms of rust; but ^apli, an early 
maturing emmer, is resistant to. all 37 forms. 

Crosses of IChapli with common varieties have given self-sterile 
‘ progeny. This has led to the attempt to transfer the resistance of Khaph 
to a durum variety, with the hope of then transferring this resistance to 
common wheats by a subsequent cross. 

; That the resistance of durum wheats can be transferred to common 
wheats has been shown. Several years ago a cross was made between 
lumillo and Marquis. There was found to be a strong linkage between 
the durum characters and resistance although this was overcome by 
growing large numbers. Several plants were obtained from an F, 
population of from 20,000 to 30,000 plants which appeared to have the 
spike characters of common wheat and which also appeared rust resistant. 
Selection has been practiced further and the wheats thus obtained 
appear of desirable field type and have shown high resistance in field 
experiments. 

Kanred, a rust-resistant winter wheat, produced at the Kansas sta¬ 
tion, proved immime from ii of the 21 biologic forms of rust which are 
found in the North-Central States. This immunity was transferred to 
spring wheats by crosses between Kanred and Marquis. The immunity 
from all 11 biologic forms was apparently due to a single genetic factor 
(/, 2 ). 

Puttick (5), in a study of the Fj progeny of a cross between Mindum 
and Marquis, obtained seedling wheats which combined the resistance of 
both parents. In this study, two biologic forms of rust were used to 
which Marquis and Mindum reacted reciprocally, one parent being 
resistant and the other susceptible to the respective rust forms. Put- 
tick, however, did not grow the seedlings to maturity so it was impossible 
to say whether they were of common or durum types. 

In the paper preceding this, Harrington and Aamodt (2a) have pre¬ 
sented the results of a cross between Pentad, which is resistant to biologic 
Form XXXIV and susceptible to biologic Form I, and Mindum, which reacts 
in a reciprocal way to these rust forms. The resistance of Pentad to 
Form XXXIV and of Mindum to Form I appears to be due to a single main 
genetic factor in each case. These two factors appear to be independently 
mherited and in the production, from the cross Pentad X Mindum, of a 
wheat which is resistant to both biologic forms, it is only necessary to 
grow enough plants to obtain the necessary recombination of the two 
factors for resistance. 
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The brief outline given shows the present status of the problem, the 
mode of attack being to build up synthetically, by certain crosses, wheats 
which are resistant to'as many biologic forms as possible. For this mode 
of attack a knowledge of the number and nature of the inherited factors 
is essoitial. 

MATERIAL AND METHODS 

Certain general methods of work have been used as in previous studies. 
For this reason only brief descriptions will be made. 

Pure lines of the parental varieties were used in making the crosses. 
The Fj generation plants were grown in the greenhouses® at Washington, 
D. C., during the winter of 1920-21 and the Fj generation was grown 
during the summer of 1921. The season was a very unfavorable one and 
the seed produced was rather badly shrivelled in certain cases. Indi¬ 
vidual plant data on spike characters, average seed length, seed plump¬ 
ness, and seed texture were taken and the Fj seedlings obtained from 
sowing seed of indmdual Fj plants were inoculated in the greenhouse 
with rust forms chosen. 

In deciding which rust forms * to use, a study was made of the degrees 
of infection of seedlings of Marquis and Kota when inoculated at the 
same time and handled in a similar manner. 

Eleven biologic forms were available in the greenhouse and all were 
used in inoculations for the purpose of discovering two to which the two 
wheat varieties reacted reciprocally. The reactions obtained on Marquis 
and Kota are given in Table I. Although Kota is rather highly resistant 
as tested under field conditions, the difference in seedling ii^ection of 
Marquis and Kota in the greenhouse is not very great. In nearly all 
cases, however, where there is a difference, Kota shows a lower degree 
of infection than Marquis. The meaning of the symbols used to designate 
the types or degrees of infection is given after Table I. 

Tabls I .—Reaction of Kota and Marquis to ii forms of stem rust, expressed by type of 

infection produced 


Type of infection produced by biologic form of rust No.~ 


vanery. 

I. 

m. 

IX. 

xvn. 

XVIII. 

XIX. 

XXI. 

XXVII. 

XXIX. 

XXXII.1 

XXXIV. 

Marquis. 

4 

4 - 

3 

4 

4 

X and a 

4 

a+ 

4 

3 + 

3+ 

Kota. 

3+ 

3 + 

3 

4 - 

3 

3 

3+ 

0 

3+ 

3 

3 


’ The writers are indebted to Mr. J. Allen Clark, of the Office of Cereal Investigations, for growing the 
Fi Iteration and returning seed of the same. 

* ^e biologic forms used were obtained from M. N. I^evine, who kindly made them available for our use 
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Explanation of classet of host reaction and of corresponding types of infection resulting 
from inoculation of seedling wheat plants with spores of Pucdnia graminis tritici * 


Clasies of host reaction. 


Type* of infection. 


Immune (immune in the field) 


Very resistant (highly resistant 
imder field conditions).' 


Moderately resistant (highly resist¬ 
ant under field conditions). 


Moderately susceptible (somewhat 
resistant in the field). 


Very susceptible (entirely suscept¬ 
ible under field conditions). 


b. No uredinia developed but definite hyper¬ 
sensitive areas present. 

1. Uredinia minute and isolated; surrounded b^ 

sharply-defined, continuous, hyperscmi- 
tive areas; hypersensitive areas lacking 
uredinia also may be present. 

2. Uredinia isolated and small to midsized; 

hypersensitiveness present in the form of 
necrotic areas in circles; uredinia often sur¬ 
rounded by green islands. 

3. Uredinia midsized; coalescence infrequent; 

development of rust somewhat subnormal; 
true hypersensitiveness absent; chlorotic 
areas, however, may be present. 

4. Uredinia large or varying from midsized to 

large, numerous and confluent; true hyper- 
sensitiveness entirely absent, chlorosis 
seldom present. 


The studies which have been made show that a pure-line wheat 
variety inoculated with a single biologic form frequently shows a varia¬ 
tion in infection from type 3 to type 4 and occasionally from type 2 to 
type 3, due to varying environmental conditions to which the seedlings 
are exposed, even when the conditions of the greenhouse test are kept 
as uniform as possible. These variations apparently are not due to 
changes in the genotype. 

! The most striking differences in the infection of Kota and Marquis 
(were obtained with Form XIX and Form XXVII and accordingly these 
two forms were chosen for the study. Form XIX was collected in 
Pocatello, Idaho, in November, 1918, and has been cultured through 
approximately 51 urediniospore generations. The Form XIX used to 
inoculate the F^ material was collected in North Dakota in July, 1921, 
and has been cultured through approximately 17 generations. Form 
XXVII was collected in Barges, France, in August, 1919, and has been 
cultured through approximately 45 urediniospore generations. 

Between 15 and 20 seeds of each individual F, plant were sown in a 
single pot, but, owing to the. unfavorable conditions under which the 
Fj plants were grown, the germination of these seeds was low. No 
pots were used in the study in which the number of Fj plants per pot 
fell below 8. While 8 plants is much too small a number to prove abso¬ 
lutely the genetic nature of the individual F^ parent, it gives a fair 
indication of the genetic class in question. Larger numbers of seeds 
could not have been used without depleting Ae quantity of seed 
reserved for sowing to obtain F, families under field conditions. The 
results obtained with the small numbers of seed used are reliable enough, 
however, to furnish a good idea of the approximate number of factors 
involved, and, from Ae plant-breeding standpoint, the infomation 
, obtained is sufiicient to answer the main questions for which the 
) investigation was undertaken. It is recognized that from the genetic 
standpoint larger numbers of seedlings in each F, family should be 
inoculated. 


i These descriptions of types of infection in the greenhouse are based on those given by Stakman and 
Levine ( 6 ). 








June f3« ipM 


Rust Resistance in a Marquis-Kota Cross 


lOOI 


One of the problems which it was hoped to solve was the discovery 
of a greenhouse test of Fg seedlings \diich would give an accurate esti¬ 
mate of the behavior of Marquis X Kota F, families under field con¬ 
ditions. As no such test was available, the larger part of the Marquis 
X Kota material was grown in the rust nursery and an artificial epidemic 
of stem rust induced by the use of the available biologic forms of stem 
rust which were present in the greenhouse and which were known to 
have been found in the spring-wheat region. The forms of rust used 
for the field epidemic in 1922 are those listed in Table 1, with the 
exception of Form XXVII, which was originally collected in Barges, 
France, and Form XXXIV which was collected in South Africa. These 
two forms were not used for the nursery epidemic. 

Between 25 and 50 plants were grown in the field nursery from each 
selected Fg family. The rust infection was heavy on susceptible types, 
as shown by the infection on Marquis, and consequently the determina¬ 
tion of those Fg families which had the Kota type of resistance to the 
nine biologic forms in question could be made with accuracy. 

EXPERIMENTAL RESULTS 
DWARF PLANTS OBTAINED IN THE Fg PROGENY 

The Fg material of the Marquis X Kota cross grown in the plant¬ 
breeding nursery in 1921 was not severely infected with stem rust and, 
therefore, was used for the greenhouse studies. Considerable material 
also was grown in the rust nursery. With most hybrid material in which 
Kota had been used as one parent, dwarf plants appeared in the Fg 
generation. The frequency of the appearance of such plants was 
determined for the Fg progeny which grew in the rust nursery in 1921. 
Of a total of 787 Fg plants, 666 were of normal type and 121 were dwarfs. 
Seed from some of these dwarfs was sown in the greenhouse and only 
dwarf plants resulted. The results may be explained genetically by 
the assumption that one of the parents contains two factors, one for 
dwarf habit and the other which inhibits the expression of the dwarf 
factor. On this basis a 13:3 ratio of normals and dwarfs is expected in 
Fg. The number of dwarfs expected in a population of 787 would be 
147. The number of dwarf plants obtained was somewhat less than 
the expectation for a 13:3 ratio. 

THE AWNLBSS or bearded CHARACTER IN RELATION TO SEED 

CHARACTERS 

Kota is a bearded wheat, while Marquis has short apical awns and is 
commonly classified as awnless. The F, hybrids have somewhat longer 
apical awns thfl.n Marquis. At harvest time some of these tip awns 
were broken off and it was impossible to separate the awnless from the 
hytMid t3rpes with certainty. For this reason awnless and apically- 
awned (hybrid) forms were placed together. In an earlier study of a 
cross between Marquis and Preston, experimental data gave reason 
for the belief that the awn was an important physiological organ under 
the conditions otf the experiment. Accordingly a somewhat similar 
study was made of the Kota X Marquis plants (Tables II, III, IV). 
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TakM II.—Distribution of F^plants of Ott cross bstwstu Marquis and Kota into classos 
according to average length vf sem, in relation to plant and spike characters 


Plant type. 

Claaaet for seed length (in millimeters)* 

1 

Total 1 
plants. 

Mean. 

4*8 

D 

D 

m 

D 

6.3 

Normal: 

Awnless. 

Bearded. 

Dwarf: 

Awnless. 

Bearded. 

5 

3 

i 

12 

2 

9 

! 3 

72 

IX 

1 

1 

m 

SI 

3 

II4 

64 

X 

1. 


384 

137 

*4 

sa 

S.73±o-o* 

S-8s±o>o* 

S.a6±o.oj 

5.i8i:o.o5 




H 


Tabls III. —Distribution of plants <f the cross between Marquis and Kota into classes 

according to the percentage of hardness y seed, in relation to plant and spike characters 


Plant type. 

Classes for percentage of hardness 
(xoo-* corneous)* 

Total i 
plants. 

Mean. 

40 

45 

SO 

55 

60 

1 

6 s 

70 

75 

Normal: 

Awnless... 

2 

X 

53 

24 

13 

3 

XX9 

SI 

XX 

8 

16a 

46 

7 

3 

24 

xo 

2 

*3 

5 

I 

i 

3B4 

137 

33 

14 

s8.9aio.18 
57.Olio.*9 

S4.70i0.s4 

SS'»»±o-04 

Bearded. 

Dwarf: 

Awnless. 


Bearded. 







. . .. 





Tabls IV .—Distribution cf Fj plants of the cross betToeen Marquis and Kota into 
classes according to the percentage of plumpness of seed, in relation to plant and spike 
characters 


Plant type. 

Classes for percentage of plumpness. 

Totel 

Mean. 

1 

30 

1 

40 

45 

SO 

55 

<0 

65 

70 

75 

80 

85 

90 

plants. 

Normal: 

Awnless. 

' ^ 

2 


13 

X 


30 

0 

l-l 

0^^ 

■ 

115 

33 

c 

3<5 

33 

86 

4 

384 

137 

33 

14 

74 .oaio .33 

7S-44i0.44 

S6. Sail .38 
61 . 79 i 1.73 

Bearded. 





i 

x 8 

6 

Dwarf: 

Awnless 


e 

I 

XI 

I 

A 

a 


Bearded. 


0 

1 


I 

•f 

I 

il 

■4 

0 

X 








0 



H 

H 






Apparently the presence of the awn results in the production of a 
somewhat longer seed on the normal plants, the average difference being 
about o.i mm. The texture of the seeds of die awnless normal plants 
was somewhat harder than that of those on the bearded plants. The 
percentage of plumpness of the seed of the bearded normal plants aver¬ 
aged slightly higher than in the case of the awnless plants although, in 
the light of the probable error, the difference obtained is not significant. 
In the determinations of texture, loo is the standard for completdy 
corneous seed, the border line between subcomeous and soft being around 
50. The percentage of plumpness of seed is taken in a somewhat similar 

manner . 
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rbaction ov p, sbsdi,ings and thsir parent varistiss to mologic 

FORMS XIX AND XXVII 

Pots of the parent varieties, Marquis and Kota, inoculated and handled 
in the same mi^er as the hybrid P, families, were used as controls. In 
order to assist in the study ^e parents and ^e vtuious F, families were 
classified into groups on the basis of their resistance or susceptibility to 
infection by these two forms of rust as follows: 

Classes of resistance and susceptibility to infection in the Marcjuis-Kota cross when F* 
seedling families and the parent varieties were inoculated with biologic Forms XlK 
and XxVII in the greenhouse in the winter of IQ21-22 

BIOLOGIC FORM XIX 

IRaaResistant in classes of infection types i to 3, or that of the Marquis parent. 
HR«»Heterozygous with the Marquis or types i and 2 reaction dominant. 
H«HetcJPOzygous with the Kota or type 3 reaction dominant. 

HS»Reaction mainly of the Kota type, t)rpe 3, with an occasional plant of the 
Marquis type of reaction. 

IS«Reaction of type 3, like the Kota parent. 

BIOLOGIC FORM XXVII 

Reinfection of type o, or the immunity of the Kota parent. 

IReReaction of type 3, the resistance of the Marquis parent. The uredinia were 
somewhat larger than for the normal type 2 infection. 

HieHcterozygous with reactions of types o and 3. 

HaeHeterozygous with reactions of types o, 2, and 4. 

H3eHeterozygous with reactions of types 2 and 4. 

H4e Heterozygous with reactions of types o and 4. 

S« Susceptible with reaction in type 4 only. 

The results obtained from inoculating the parents and Fj hybrids 
with biologic Form XIX are given in Table V. 

Table V .—Distribution of seedlings of the cross between Kota and Marquis according 
to types of infection caused by biologic Form XIX 


Classes of parents and 
Pa crosses. 

f 

Distribution by types of infection. 

Num¬ 
ber of 
plants. 

Num¬ 
ber of 
fami¬ 
lies. 

0 

—1 

• 

1 + 

—a 

a 

8 + 

-3 

3 

3+ 

F, families IR.. .. 
P. families HR.... 

F, families H. 

Fs families HS.... 
F3 families IS. 

4 

9 

23 

7 

35 

5 

16 

17 

X 

X 

170 

147 

X18 

30 

18 

IS 

8 

3 

14 
13 

15 

ISO 

163 

187 

17 

39 

IS 

27 

3 

13 

1^3 

45 

131 

33 

lOX 

768 

381 

2,117 

83 

IS 

963 

X 

25 

3 

413 

478 

1,269 

477 

2,308 

364 

637 

16 

978 

40 

44 
1x4 

45 

3 X 3 

23 

50 

X 

8x 

Marquis IR. 

Marquis HR. 

Kota HS. 

.... 

SIS 

3*6 

I 

x 

39 

13 

40 

107 

3 

Kota IS. 

13 






3 







!*“ * 


The infection of the Kota parent fell within type 3 with the exception 
of one plant whidh had a t^pe i infection. Wi^ &e conditions under 
which the studies were made, occasional infection with a ^erent 
biologic form could not be avoided. The infection of the Marquis parent 
fell mainly within types i and 2, although there were 118 plants out of 
891 which showed imection of type 3, 
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The Marquis seed used was from a carefully selected sample and was 
typical of the Marquis variety. There was the possibility that these 
Marquis seedlings which in the greenhouse gave type 3 infections were 
of a different genetic nature than the greater part of the Marquis seed¬ 
lings, due to mixtures or some other causes. Accordingly, seedlings 
which showed the type 3 and the type i or 2 infection in the greenhouse 
were planted in the field and grown to maturity. All plants appeared to 
be of the Marquis variety. Seeds from several plants in each group were 
saved sepsurately and progeny of these plants tested in the greenhouse by 
inoculating with spores of Form XIX. Five out of six of the progeny of 
the seedling plants which had type 3 infections again gave seedlings 
which were placed in the 3 group, while the infection of one family was 
mainly in types i and 2. Six out of seven progeny lines which descended 
from seedlings having t)rpe 2 infections again had similar degrees of in¬ 
fection, while onefamilybore infection mainly of type 3. The reason, then, 
for the greater part of the type 3 infections obtained in the Marquis 
seedlings appears to be genetic differences in the Marquis material. 

To determine their reaction to biologic Form XIX, 455 F, families were 
tested. Some proved homozygous in the moderately resistant and the 
moderately susceptible types. Other F, families proved to be heterozy¬ 
gous. The number of susceptible types is too large to be explained on 
the basis of a single factor difference. Forty resistant families were 
obtained. 

Certain of the Fj parent plants of these various Fj families were selected 
and their progeny grown in the rust nursery in 1922. Some lines ap¬ 
peared desirable and individual plants within these lines were selected. 
Seedlings were grown in the greenhouse from the individually selected 
plants and were inoculated with Form XIX. Progenies of, 3, 4, and 5 
plants of three different F, families, which were classified as IS, or of the 
Kota type of infection, were grown in the greenhouse. All 12 plants 
bred true to the IS type of itffection. One family from the IR group 
was tested in a similar manner. Progeny of 5 plants of this family were 
tested, and all showed type 2 infections, as was expected. 

The reactions to Form XXVII were of a more definite nature than 
those to Form XIX, as will be seen in Table VI. Of the Kota plants all 
except 33 out of a total of 1,040 were in the immune class, while Marquis 
had 9 plants in type 4 and 725 in type 2 infections. The deviations 
obtained could all be explained on the basis of natural causes, for the 
frequency of such natural crossing is in the neighborhood of 2 to 4 per 
cent in Minnesota under nursery conditions. 

A total of 462 Fj families were tested. Of these, 76 showed either no 
infection or iiifection of the o or immune type, 14 were resistant, and 39 
were susceptible, and there were four separate classes of heterozygous 
types. Immunity is clearly dominant over resistance or susceptibility 
as shown by the results for the heterozygous classes Hi and H4. 

The segregating classes obtained when F, families were inoculated with 
Form XXVII could result from two independently inherited genetic 
factors for resistance and immunity each allelomorphic to a factor for 
susceptibility. Furthermore, if the factor for immunity was epistatic to 
the factor for resistance, three times as many homozygous immune fam¬ 
ilies would be obtained as homozygous for either resistance or suscep¬ 
tibility. It is possible that a much more complex genetic condition may 
be the cause of the classes of segregation obtained. The clear proof that 
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some susceptible types may be obtained from a cross of resistant parents 
is of much interest. 

TablH VI.— Distribution of the F3 seedlings of the cross between Kota and Marquis 
according to types of infection caused by biologic Form XXVII 


Classes of parents and Ft crosses. 


Types of infection. 


2+ 


Number 
iof plants. 


Num¬ 
ber of 
fam¬ 
ines. 


F. families R. 
Fg families IR. 
F* families Hi 
Fj families H2 
Fg families H3 
Fg families H4 
F, families S.. 
Marquis H3. 
Marquis IR. . 

Kota Hi. 

Kota H4.*, ... 
Kota R. 


1.159 

12 

588 

707 

23 

1,312 

22 


9 

16 


179 

811 


2 


23 


52 

67 


28 

172 

I 


88 

113 

225 


67 

458 


I 




164 

29 

264 1 

29 

305 

98 

387 

87 

8 

I 


32 I 


155 

769 

1,065 

631 

1.715 

496 

104 

639 

17 

212 

Six 


76 

14 

62 

82 

SO 

*39 


55 

I 

>5 

59 


Several hybrid Fj families, whose seedling reaction to Form XXVII 
was known, were grown in the rust nursery in 1922, and individual plants 
from various progeny lines were selected. Three such lines, which in a 
previous greenhouse test gave reactions which placed them in the R or 
immune group, were again tested for their reaction to Form XXVII 
for the purpose of checking up the accuracy of the preceding year’s 
study. A total of 16 plants belonging to these three families had type 
o infection and thus were in the immune class. Two lines of the suscepti¬ 
ble group were similarly tested. One gave evidence of breeding true 
for susceptibility while another segregated, giving both susceptible and 
resistant types. If similar results were obtained, the number of families 
in the susceptible group should be decreased from that presented in 
Table VI. 

The Marquis and Kota pots which were inoculated at the same time 
were used as controls on tlie purity of the biologic forms. In the hand- 
inoculated pots, the killed areas around the uredinia on Marquis were 
much less sharply defined than in the studies made the previous winter. 
In two pots, Marquis seedlings which were inoculated by brushing with 
seedlings infected with biologic Form XXVII were heavUy infected with 
rust over the greater part of their leaf surface. The uredinia on these 
heavily infected seedlings were surrounded by sharply defined hyper¬ 
sensitive areas. Apparently environmental conditions may influence, 
to a rather marked degree, the reaction of seedlings to a particular 
biologic form. 

INFECTION UNDER FIELD CONDITIONS 

One of the purposes of the investigation was to determine the possi¬ 
bility of using the greenhouse test as a means of determining those F, 
families having the type of resistance which Kota shows under field 
conditions. While Kota in the field frequently is heavily infected with 
stem rust, the uredinia do not break out in the same manner as on 
susceptible varieties and are much smaller and often surrounded by a 
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hypersensitive area. For this reason the seed of Kota is generally well 
filled even under rust-epidemic conditions. 

The F3 families studied in their reaction to Form XIX and Form XXVII 
in the greenhouse were the progeny of Fj plants taken at random from an 
Fj population. The seed characters of these plants were examined and 
the plants which appeared to have desirable seed from an agronomic 
standpoint were selected and their progeny grown in the rust nursery in 
1922. The various Fg lines were exposed, as has been previously noted, 
to at least 9 biologic forms of stem rust. The epidemic was a satis¬ 
factory one. Individual plants within the different F3 families were 
carefully examined and on the basis of the infection obtained the Fj 
families were placed in the following classes: 

R=Resistant; while there was considerable infection the plants all showed 
the Kota type of resistance. 

NR=Semiresistant, all plants infected in a similar way. Much more resistant 
than Marquis, but more heavily infected than Kota. 

H—Heterozygous, containing both resistant and susceptible plants. 

S^^Suscej^tible, ^1 plants heavily infected, with large uredinia, similar to 
the infection shown by Marquis. 

The results of the field experiment are presented in Table VII. The 
9 control plots of Kota were all clearly resistant while the 20 control 
plots of Marquis were fully susceptible. 

TABtS VII.— Distribution of 206 Fg families of the Marquis-Kota cross, •which had 
not been tested previously under rust-epidemic conditions, when inoculated in the rust 
nursery with a mixture of g different rust forms, in ig22 


Number of families. 


Parents or hybrids. 

Homozygous. 

Hcterozy- ; 

£OUS. 



Resistant. 

1 

Semi- 

resistant. 

Susceptible. 

Fj awnless homozygous. 


18 

% 

22 

Fj bearded homozygous. 

0 

15 

10 

35 

33 

0 

16 

22 

F* heterozvffous. 

1 

12 

17 

Kota, bearded. 

0 

Marquis, awnless. 

y 



20 






Of a total of 206 Fg families 28 were homozygous resistant, 61 were 
susceptible, 86 appeared semiresistant, and 31 were clearly heterozygous. 
These results can not be explained on a single factor basis, because only 
28 out of 206, which is a ratio of i to 7.36, were as resistant as Kota. 
It should be remembered that 9 biologic forms of rust were used to pro¬ 
duce the field epidemic. Apparently the Kota type of resistance to all 
9 forms depends on more than a single genetic factor. 

In 1921 an Fj generation of the Kota-Marquis cross was planted in 
the rust nursery. Several of the 9 biologic forms used in 1922 to produce 
the epidemic were available, although only three or four biologic forms 
were used to produce the 1921 epidemic. A total of 666 normal plants, 
which were carefully examined, consisted of 80 bearded susceptible, 233 
awnless susceptible, 89 bearded apparently resistant, and 264 awnless 
apparently resistant The 353 plants which appeared resistant were 
harvested and on examination 47 appeared to have desirable seed diar- 
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acters. Progenies of these were grown in 1922 in the field and the rust 
reaction determined. Eleven of the 47 families were resistant, 14 were 
semiresistant, 4 were susceptible, and 12 were heterozygous. If the 
same relative proportion of the entire 353 resistant families had bred 
true to resistance there would have been 82 out of 666 plants that 
were homozygous in their resistance to all eight biologic forms. This is 
a ratio of i homozygous resistant to 8.1 of other types, which is very 
similar to the previously discussed result of the inoculation of 206 F, 
families of which 28 bred true for the Kota type of resistance. 

THE GREENHOUSE TEST AS A MEANS OF ISOLATING LINES RESISTANT IN 

THE FIELD 

One of the purposes of a study of the greenhouse reactions to Forms 
XIX and XXVII was to determine the possibility of using this test as a 
means of isolating lines which would exhibit the Kota type of resistance 
in the field. Fifty-two families whose reactions to Form XIX were 
known in the greenhouse and 48 families whose reactions to Form XXVII 
were known were grown in the field nursery in 1922 and classified under 
field conditions as resistant, near-resistant, heterozygous, and suscept¬ 
ible, as shown in Table VIII. 

Table VIII .—Distribution into classes according to reaction in the greenhouse of 
seedlings from Fj plants in relation to behavior of families in the field rust nursery 

under artificial epidemic conditions 



A study of the results shows that the greenhouse reactions to the 
biologic Forms XIX or XXVII can not be used to determine which 
families wiU exhibit the Kota type of resistance to several biologic 
forms in the field. Thus of the five families which gave the Marquis 
type of reaction to Form XIX in the greenhouse, namely, tlie IR group, 
none bred true for resistance under field conditions. Similarly, of the 
22 families which gave the Kota type of reaction in the greenhouse and 
which were placed in the IS group, only 3 proved resistant in the field. 
The reaction of Kota to Form XXVII was of the immune or R type. 
Eight hybrid families of this type were grown in the field and only one 
proved as resistant as Kota. These results are further evidence which 
proves that the resistance of Kota to several biologic forms of stem rust 
is due to more than a single genetic factor. 
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QUESTION AS TO WHETHER THE RESISTANCE TO FORM XIX AND FORM XXVII 
CAN BE COMBINED IN A SINGLE VARIETY 

In order to build up wheats resistant to all biologic forms, it is neces¬ 
sary to combine in a single variety the resistance exhibited by different 
wheat varieties to particular biologic forms. The reactions of F, families 
to Forms XIX and XXVII are correlated in Table IX. 

TABi,a IX .—Distribution of Ff families classified according to reaction to form XIX 
in relation to reaction to Form XXVII 


Reaction to Form XXVII. 

Reaction to Form XIX. 

IR. 

HR. 1 

H. 

HS. 

IS. 

Total. 


3 

9 

13 

5 

44 

74 

IR. 

4 

2 

I 

0 

I 

8 

Hi. 

6 

6 

12 

4 

14 

4 » 


7 

II 

13 

7 

29 

67 

Hi . 

I 

5 

15 

3 

13 

37 

H4. 

3 

9 

27 

15 

59 

”3 


I 

2 

8 

I 

19 

31 

Total. 

25 

44 

89 

35 

179 

37 » 


Three out of a> total of 372 families proved immune from Form 
XXVII and were resistant to Form XIX, and 4 families were resistant 
to both biologic Forms XIX and XXVII. It is possible, therefore, to 
combine in a single variety the resistance of the Marquis parent to Form 
XIX, and the immunity of the Kota parent from Form XXVII. These 
facts ^ve further hope for the belief that resistance to different biologic 
forms exhibited by different wheat varieties is due to independenSy 
inherited Mendelian factors or that the linkage of these factors is so 
slight that crossovers frequently occur. From the genetic standpoint 
the facts so far learned give reason for the belief that a wheat variety can 
be produced which will & resistant to all biologic forms of stem rust. 

CORRELATION BETWEEN MORPHOLOGIC AND SEED CHARACTERS AND RUST 

resistance 

The Fj plants^ which were the parents of the F, families tested under 
field conditions were classified as normal awnless or bearded and dwarf 
awnless or dwarf bearded. For the purpose of determining whether 
there was any mwked correlation between these characters and reaction 
to rust, the reactions of these separate morphologic groups to Form XIX 
and Form XXVII have been arranged in correlation, as shown in Tables 
X and XI. 
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Tabi<B X. —Distribution of normal awnless (A) and bearded (B) plants and dwarf 
awnless {DA) and bearded {DB) plants^ classified according to their reaction to Form 
XIX in relation to spike characteristics of F2 plants 



F* reaction to Form XXVII. 


plant type. 

R. 

IR. 

Hi. 

Ha. 

H3. 

H 4 . 

S. 

A... 

62 

II 

47 

60 

3a 

lOI 

27 

B. 

28 

3 

II 

20 

II 

30 

8 

DA. 

2 

0 

I 

1 

2 

5 

3 

DB. 

I 

0 

I 

2 

2 

2 

2 

Total. 

93 

1 

14 

60 

83 

47 

138 

39 


Three times as many awnless families as bearded were expected. 
The fact that there were about three times as many awnless as ikarded 
families in each of the groups classified according to reaction to both 
biologic forms seems very convincing proof that the factors which govern 
susceptibility or resistance to either Form XIX or Form XXVII are 
inherited separately from the factors which govern the presence or 
absence of awn development. 

To Form XXVII the reaction of the F, families from the dwarf types 
seems very similar to that obtained from normal plants. For Form 
XIX, however, the percentage of dwarf plants which were as resistant 
as Marquis and which were placed in the IR p;roup is v^ small and 
certainly much less than the percentage of similar families from the 
normal plants. 

In a somewhat similar manner the relation between average length 
of seed of the F, plants and the reaction of these plants to Forms XIX 
and XXVII was determined, as shown in Tables XII and XIII. 
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Tabi «9 XII. —Dtsirihuiion of plants classified according to their reaction to Form XIX 

in relation to length of seed 


Classes by reaction to 
Form XIX. 

Classes for length of seed (in millimeters). 

Total. 

1 

Mean. 

4.8 

St 

5‘4 

S-7 

6.0 

6.3 

IR. 



S 

17 

9 

3 

34 

5-79±‘>03 

HR. 

I 

3 

$ 

21 

x8 

X 

49 

S-74±oo3 

H. 

3 

7 

18 

SO 

30 

2 

no 

5.69^0.03 

HS. 

I 


6 

18 

' 15 


40 

5-7S±o-03 







IS. 

2 

10 

33 

81 

67 

9 

202 

5.74±o.oi 


TablS XIII. —Distribution of Fj plants classified according to their reaction to Form 
XXVit in relation to length of seed 


Qasses by reaction to 
Form XXVII. 

Classes for length of seed (in millimeters). 

ToUl. 

1 

Mean. 

1 

4.8 

1 

5*1 

S-4 

5*7 

6.0 

6.3 

R. 


2 

15 

46 

24 

6 

93 

S-75±‘>-oa 

IR. 



4 

5 

3 

2 

14 

S.77±o.o6 

Hi. 

2 

3 

8 

25 

20 

2 

60 

5.73^0.03 

H2. 


2 

17 

32 

28 

3 

82 

S.7S±o-oa 

If 3. 

I 

4 

XI 

19 

10 

I 

46 

S-63±oo3 


I 

3 

17 

60 

52 

2 

13s 

S.77±o.oi 

S. 


4 

5 

^5 

13 

X 

3S 

S.73±o.03 


The ranges of variability for seed length are somewhat greater, as 
would .be cbcpected, for the reaction groups which contain the largest 
numb^ of families. The differences obtained in the means are not 
sufficiently great to indicate any marked linkage between the factors 
of inheritance which govern seed length and uose which govern the 
manner of reaction to the forms of stem rust used in the study. 

SUMMARY 

(1) Kota, which is resistant to stem rust in the field but which has 
weak straw when grown under humid conditions, was crossed with 
Marquis, which is susceptible to stem rust but which possesses other 
desirable econon^ characters. 

(2) A survey of available biologic forms led to the selection of Form 
XIX, to which Marquis was resistant and Kota moderately susceptible, 
and Form XXVII, from which Kota was immune and to which Marquis 
WM resistant. These two forms of stem rust were chosen for the study 
with the hope of finding a greenhouse test which could be used as a means 
of isolating Fj families which would prove as resistant as Kota under field 
conditions. 

(3) Out of a total of 787 F, plants of the Kota-Marquis cross which 
were grown under field conditions, 666 were of normal type and 121 were 
dwarfs. The results were explained on the basis that one of the parents 
contained a factor for dwarf habit and another factor which prevented 
the production of dwarfs. The other parent apparently lacked both 
factors. 
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(4) The seeds of the F, bearded plants were o.i mm. longer on an 
average than the seeds from the awnless plants. The seeds of the awn¬ 
less plants had slightly harder texture but were slightly inferior in plump¬ 
ness to those from the bearded plants. Apparently ^e beard of wheat, 
under the conditions of the experiments, leads to the production of 
somewhat better developed seed. 

(5) Marquis, in the greenhouse, was more resistant than Kota to 
Form XIX. Varying environmental conditions, however, resulted in the 
production of a type of infection on Marquis which approached that 
obtained normally with Kota. The reactions of Kota to Form XIX under 
the same conditions did not show similar variations in the types of 
infection. F, hybrid families were obtained which reacted in a manner 
similar to Marquis and Kota, while other families were obtained which 
were clearly heterozygous. The results could not be explained on the 
basis of a single genetic factor. 

(6) Kota proved immune from Form XXVII in the greenhouse, while 
Marquis proved resistant. F, families were obtained which were as 
homozygous for immunity and resistance as Kota and Marquis, respec¬ 
tively, while others were obtained which were entirely homozygous for 
susceptibility. Four types of heterozygous families were obtained. 
Immunity appeared to be dominant to both resistance and suscepti¬ 
bility. The number of seedlings inoculated in each family available for 
the study was too small to make the experiment absolutely conclusive. 
The results could be quite satisfactorily explained on the basis of two 
independently inherited factors for immunity and resistance contained 
in the Kota and Marquis parents, respectively, each factor being allelo¬ 
morphic and dominant to a factor for susceptibility. 

(7) Nine biologic forms of stem rust which were collected in the 
North-Central and Northwestern States were used for producing a field 
epidemic. Kota proved rather highly resistant under field conditions 
while Marquis was very susceptible. In one group of 206 F, families 
there were 28 which were as resistant as Kota. This is a ratio of i to 
7.36. In another test there was a ratio of i resistant F, family to 8.1 
susceptible and heterozygous. 

(8) The reaction of these F, families to Forms XIX and XXVII in the 
greenhouse was correlated with the behavior of such Fg families under 
field conditions when an epidemic of stem rust was induced by infection 
with nine biologic forms of stem rust to which Kota proved resistant in 
the field. The study of Fg seedlings in the greaihouse in their reaction 
to Forms XIX and XXVII was not satisfactory as a means of isolating 
F, lines which would exhibit the Kota type of resistance under field 
conditions. 

(9) The resistance of Marquis to Form XIX and the immunity of 
Kota from Form XXVII were combined in 3 Fg families out of a total of 
372 families studied. This is further evidence in support of the belief 
that there are several genetic factors which determine the differential 
reactions of Marquis and Kota to the biologic forms in question. That 
the resistance of one parent to Form XIX and the immunity of the 
other parent from Form XXVII can be combined in a single hybrid 
family is added reason for the hope that resistance to all biologic forms 
can be obtained eventually. 
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(lo) There was no close linkage in inheritance of the factors which 
govern the presence or absence of the awns or of seed length with those 
which determine the resistance or susceptibility to either biologic form 
used in the greenhouse study. 
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PLATE I 


Comparative lodging of Kota and Marquis. At left, Kota, badly lodged; at right 
Marquis, fully erect. Photograph taken at University Farm, St. Paul, Minn., 1922 
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PLATE 2 

Reaction of Marquis and Kota and of F3 families of the Marquis X Kota cross to 
biologic Form XIX. 

A. —Reaction of Marquis of types i and 2 except the leaf at the extreme left, which 
proved to have a mixture of infection t3’^pcs. 

B. —Reaction of Kota of type 3. 

C. —F3 family of the immune-susceptible group. 

D. —Fg heterozygous family. 

E. —F3 family of the immune-resistant group. 



PLATE 3 

Reaction of Marquis and Kota and of F3 families of the Marquis XKota cross to 
biologic Form XXVII. 

A. —Kota, showing immunity represented by infection of type o. 

B. —Marquis, showing resistance which classifies it in the immune-resistant group. 

C. —Immune family. 

D. —Resistant family. 

E. —Susceptible family. 









BIOLOGIC FORMS OF PUCCINIA GRAMINIS ON 
VARIETIES OF AVENA SPP/ 

By E. C. Stakhan, Plant Pathologist, Department of Agriculture, University of Minne¬ 
sota, and Pathologist and Agent of the Office of Cereal Investigations, Bureau <f Plant 
Irtdustry, United States Department of Agriculture; M. N. EbvinB, Pathologist, Office 
of Cereal Investigations, Bureau of Plant Industry, United States Department of Agri¬ 
culture; and D. L. Baii^BY, Assistant in Plant Pathology, Department of Agriculture, 
University of Minnesota, and Agent, Office of Cereal Investigations, Bureau of Plant 
Industry, United States Department of Agriculture * 

Pucdnia p^aminis iritid Erikss. and Henn., which originally was con¬ 
sidered as a single biologic form, has been shown by Stakman and 
Piemeisel (ir),* Levine and Stakman (5), Melchers and Parker (7), 
Stakman, Levine, and Leach (jo), and Stakman and Levine (9) actually 
to consist of many forms whidi differ in their parasitic action on certain 
varieties of Triticum spp. Hoemer {4) showed that there is a similar 
specialization of Pucdnia coronaia Cda. on varieties of Avena spp. and 
Mains and Jackson (6) found two biologic forms of P. tritidna Erikss. on 
varieties of wheat. It seemed quite likely, therefore, that P. paminis 
avenoe .Erikss. and Henn. might also consist of several biologic forms. 
Experiments, therefore, were begun in the fall of 1918 to ascertain 
whether this was true. 

It is obvious that one of the most direct methods for ascertammg 
whether there are biologic forms of rust, with different parasitic capa¬ 
bilities on varieties of cereals, is to find forms of rust capable of infecting 
varieties ordinarily practically immune from described rust forms, or 
vice versa. As a result of preliminary studies on Pucdnia paminis 
avenae it was found that Victory (both C. I. No. 1145 and Miim. 514), 
Improved Ligowa (Minn. 281), Minota (Minn. 512), and many other 
varieties of oats were extremely susceptible to the rust strains ® used, 
while White Tartar (White Russian) (Minn. 339 and two pure-line selec¬ 
tions made by the section of plant pathology at the Iowa Experiment 
Station and designated as Rust Nursery Row No. 101and 102 was 
quite resistant. The writers, therefore, began collecting uredinial 
material of P. paminis Pers. on oats from as many different localities as 
possible, in this and other countries. 

Since the fall of 1918, more than 100 collections of P. paminis on oats 
have been obtained from 21 States of the United States, from two Prov¬ 
inces in Canada, and from one State in Mexico. Seventy-six of the 
collections have been cultured in the greenhouse of the section of plant 
pathology at University Farm, St. Paul, Minn. Many of these were 
used for inoculating seedlings of about 70 different varieties and selections 


^ Accepted for publication Feb. 30, X933. Cooperative investieations between the Office of Cereal 
Investigations, Bureau of Plant Industry, U. S. Department of Agriculture and the Agricultural Experi¬ 
ment Station of the University of Minnesota. Published with the approval of the director, as Paper 355 
of the Journal Scries. Minnesota Agricultural Experiment Station. 

» The writers are indebted for rust material to Prof. W. P. Fraser, pathologist in charge of Cereal Disease 
Investigations, Dominion laboratory of Plant Pathology, in cooperation with the University of Saskatche¬ 
wan, Saskatoon, Sask, Canada; to Prof. Wallace Butler, of San Antonio, Tex.; to Mr. G. F. Puttick, of 
the Department of Agriculture of the Union of South Africa; and to Mr. Fred Griffee, assistant plant breeder, 
Department of A^culture, University of Minnesota. They also are indebted to other Federal and State 
pathologists for collections of rust. 

Dr. H. K. Hayes, plant breeder. Department of Agriculture, University of Minnesota and collaborator 
of the Office of Cer^ Investigations, Bureau of Plant Industry. U. S. Department of Agriculture, made 
valuable suggestions for whi^ the authors wish to express their appreciation. 

• Reference is made by number (italic) to “ Literature cited,” p. 1017 - 1018 . 

^ C. I.-Cereal investigations accession number, 

^ The term ** strain** is used only to designate a culture of rust from a single collection. 
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of oats, belonging to 6 different species of the genus Avena, namely: 
A. brevis Roth., A. nuda L., A. saliva h., A. orientalis L., A. sterilis L., 
and A. strigosa Schreb. 

It was found that definite preliminary results were likely to be obtained 
by using only three varieties of oats, viz: Victory, White Tartar (White 
Russian) and Monarch Selection (of Etheridge). All collections were run 
to Victory and White Tartar (White Russian). Victory was completely 
susceptible to all of the strains tried. White Tartar was very highly 
resistant to most of them, while Monarch Selection, which was inoculated 
only with the collections made in 1921 and 1922, was extremely suscep¬ 
tible to some of these collections and practically immune from others. 
Attempts then were made to find forms of stem rust which would infect 
the White Tartar variety heavily. This was achieved with rust material 
procured from Europe and Africa. 

Victory was completely susceptible to, White Tartar very resistant to, 
and Monarch Selection (of Etheridge) practically immune from, a form 
collected by Mr. Fred Griffee at St. Paul, Minn. This is designated 
hereafter as Form I. 

A form of rust collected by Prof. Wallace Butler at San Marcos, Tex., 
infected Victory normally, developed only lightly on White Tartar, but 
produced large, vigorous uredinia on Monarch Election. These results 
were confirmed by repeated inoculations, and clearly indicated the exist¬ 
ence of a second biologic form of Puccinia graminis avenac, as it was 
capable of infecting Monarch Selection normally, which the form col¬ 
lected by Mr. Griffee could not infect. This is designated as Fonn II. 

A rust strain sent by Mr. G. F. Puttick from Potchefstroom, Union of 
South Africa, infected Victory normally. White Tartar moderately, and 
Monarch Selection normally. This undoubtedly was a third form and 
is hereafter called Form III. 

Finally, Stakman found a form at Upsala, Sweden, which infected 
White Tartar just as heavily as it did Victory and Monarch Selection. 
This, then, was a fourth form,* designated as Form IV. 

Table I summarizes the action of these four forms on the varieties of 
oats which served as the differential hosts. 

It is quite evident from Table I that Form I (PI. 2, A) infects Victory 
normally, but develops only lightly on White Tartar (White Russian) 
and exceedingly lightly on Monarch Selection. Form II (PI. 2, B) 
infects Victory and Monarch Selection heavily, but attacks White Tartar 
only lightly. Form III (PI. 3, A), like Form IT, attacks Victory and 
Monarch Election very heavily and in addition attacks White Tartar 
moderately. Form IV (PI. 3, B) infects all three varieties very heavily. 
Repeated inoculations have been made and the same results have been 
obtained consistently. 

Two different forms were isolated from a single collection several times. 
In some cases the X type of infection described for wheat rust (9, p. j) 
also developed on oats. Several strains produced tliis X type of infec¬ 
tion on Monarch Selection, thus indicating the probable existence of a 
fifth biologic form which infects Victory very heavily. White Tartar only 
lightly and Monarch Selection heterogeneously (PI. 4). There are now 
known, therefore, at least four, and probably five, biologic forms of 
Puccinia graminis avenae which i>roduce different reactions on certain 
varieties of Avena spp. 


® Proper disposition is beins: made of the spore material of the South African and Swedish forms, as they 
have not yet been found in the United States. » 
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Table I .—Results of inoculating three differential varieties of Avena spp., with four 
biologic forms of Puccinia graminis avenue 






Summary of inoculation results. 


Bio¬ 

logic 

Form 

Place of 
collection. 

Victory (C. I. No. 
114s). 

Wliite Tartar (Minn. 339). | 

1 

Monarch Selection (of 
Etheridge). 

No. 


m- 
ber of 
trialso 

Character of 
infection. 

i 

Num¬ 
ber of 
trials. 1 

! 

! i 

Character of infection. 

Num¬ 
ber of 
trials. 

1 Character of 

1 infection. 

1 

I 

St. Paul. Minn 

19 

Nonnal, heavy 
infection. 
U r c d i n i a 
large, nu- 
merou- and 
coalescing. 

! 

Infection light. Ure- 
dinia usually small 
and scattered. Hy¬ 
persensitiveness 
(shan> chlorosis to 
definite necrosis) or¬ 
dinarily present 

6 

1 ! 

Infection exceedingly 
light. Uredinia. 

when present, mi¬ 
nute, scattered and 
surrounded by very 
sharply defined ne¬ 
crotic areas Dis- 
1 tinct hypersensi¬ 
tive flecks also oc¬ 
cur quite frequent- 
: ly. 

II 

San Marcos, 
Tex. 

i 

16 

1 

_ do 

1 

1 

8 

1 

... do. 

6 

i 

Nonnal, heavy in¬ 
fection. Uredinia 
large, coalescent 
and numerous. 

III 

Potchefstroom, 
South All ica 

7 

.... do . . .. 

5 

Infection moderate. 
Uredmia medium , 
in sire and only , 
slightly confluent. 
True hypersentitive- 
ness absent, but 
light chlorotic areas j 
usually present. 

3 

Do. 

IV 

Upsala, Swe¬ 
den. 

i 

I 3 

. . do . 

2 ' 

Normal, heavy infec¬ 
tion Uredmia large, 
many, and conflu- | 
ent ! 

1 

3 

1 

Do. 


o From 10 Lo 15 plants wore inoculated in each trial. 


These newly discovered biologic forms arc quite as distinct as are 
those of P. graminis on wheat varieties {12). The inoculations were 
made on seedlings in the greenhouse, but, as a result of previous work, it 
is safe to conclude that the reaction of seedlings to rust forms is a fairly 
accurate index of the reaction of older plants. It usually is more difficult 
to obtain infection on older plants than it is on seedlings, but this appar¬ 
ently is due very largely to the fact that the film of water necessary for 
spore germination and entrance of germ tubes through the stomata, is not 
easily maintained on old plants. However, when this difficulty is over¬ 
come, by atomizing the plants several times a day, infection occurs 
normally. 

The new forms apparently are constant. Repeated inoculations and 
cross inoculations have teen made with most of them and the results have 
been consistent. There are variations, of course, in the intensity of rust 
development when the environmental conditions are unfavorable for the 
development of host or parasite or both. When light intensity is low, and 
when the temperature is either too high or too low, the rust develops sub-- 
normally. If the host plants are weakened by poor growing conditions, 
by mildew, root rots, or other factors, the rust usually does not develop 
well. This variation, however, does not indicate any change in the 
genotypic constitution of the rust forms, but is only the temporary result 
of environment. In order to draw accurate conclusions regarding the 
parasitic behavior of biologic forms it is necessary to grow the host plants 
and *the rust fungus within the range of environmental conditions in 
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which they will develop normally. Optimum conditions are not essential 
but extremely unfavorable conditions should be avoided. 

It is important to determine whether the urediniospores of these new 
forms are really of the avenae type, as P. graminis phleipratensis (Erikss. 
and Henn.) Stak. and Piem. develops moderately well from artificial 
inoculation on some varieties of oats and may possibly occur on some in 
the field. P. graminis agrostis Erikss. also can attack some oat varieties 
weakly. These forms, however, can be distinguished easily from P. 
graminis avenae by the morphological characters of the urediniosporps. 
The urediniospore characters of the new forms clearly are those of P. 
graminis avenae (<?). However, it is not yet known whether these indi¬ 
vidual forms differ appreciably from each other morphologically. 

The geographical distribution of these biologic forms of P. graminis 
avenae is not yet known definitely. The sources of 23 collections, made 
during 1921 and 1922, are given in Table II. Form I has been collected 
from Saskatchewan to Mexico, in the central part of the continent, and 
probably is widely distributed. 

Tabi.S II. —Distribution of biologic forms of stem rust of oats collected during igzi and 

1922 


Original host. 


Avena sativa L. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Poa trivialis L. 

Avena sativa. 

Do. 

Dactylis glomerata L. 
Avena sativa. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


0II not a madianical mixture of I and II. 

Form II seems to be even more abundantly distributed than Form I in 
the central part of North America, from Saskatchewan to Mexico, and has 
been found also in Maine, as well as in South Africa. 

Forms III and IV have not yet been found in North America. It seems 
improbable that they are abundant in the northern Mississippi Valley, 
because the White Tartar (White Russian) oat is very resistant in the 
field. Fur&ermore, Garber (j) produced Victory X White Russian 
hybrids which were resistant to stem rust, at least in Minnesota. As these 


Bidogic 

Form. 

Place of collection. 

II 

' 

Saskatoon, Sask., Canada. 

a V 

Lloydminster, Sask., Canada. 

0 V 

Weyburn, Sask., Canada. 

I, II 

Zelma, Sask., Canada. 

II 

Presque Isle, Me. 

I, II 

Litchfield, Minn. 

I, II 

Rosetown, Minn... 

I 

St. Paul, Minn. 

II 

Redficld, S, Dak. 

II 

Huron, S. Dak. 

0 V 

Colmar, Iowa. 

I. II 

Lafayette, Ind. 

I 

Huntley, Ill. 

II 

Chillicothe, Mo. 

II 

Norman, Okla. 

II 

Lawton, Okla... 

II 

San Marcos, Tex. 

I, II 

Boeme, Tex. 

I, II 

San Antonio, Tex. 

I, II 

Robards, Tex... 

I, II 

Saltillo, Mexico. 

IV 

Upsala, Sweden.. 

II, III 

Potchefstroom, South Africa. 
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Bioloijic Forms of Puccinia grammis 


hybrid strains combine the desirable characters of Victory with the rust 
resistance of White Tartar, it is to be hoped that Forms III and IV of P. 
graminis avenae do not exist in the ITnited States. If they do not, the 
problem of developing good varieties of oats resistant to stem rust seems 
to be well on the way to solution. 

The provisional Form V was collected in two localities in Saskatchewan, 
Canada, and in one in Iowa. It may be a mechanical mixture of Forms I 
and II. Inoculation experiments to determine this fact are in progress. 

It is especially interesting to note that the Swedish form of rust is 
more virulent than any of those so far found in the United States, 
because Eriksson (a) long ago called attention to the fact that P. graminis 
avenae was exceptionally virulent in Sweden. The senior authpr was 
also impressed with this fact during a recent visit to Sweden. Several 
grasses, which are moderately susceptible to the avenae form of rust 
in the United States, but which seldom rust heavily in the field, were 
very generally and severely infected in Sweden. The fact that there 
are tremendous numbers of barberry bushes in some oat-growing regions 
•of Sweden, and the additional fact that oats are so commonly grown 
might account for the abundance of the rust. In addition, however, 
Eriksson evidently was correct in assuming that the stem rust of oats 
was especially virulent in Sweden. This emphasizes still more the 
fact that the specialization of P. gtaminis avenae may be different in 
different countries. The present results indicate that the forms may 
also differ even in various regions of the same country. On the other 
hand more than one biologic form may occur in the same locality or 
even on the same plant. 

While the virulent Swedish form of stem rust of oats may possibly 
exist in the United States, fortunately it does not seem to be either 
abundant or widespread in those iJorthem States in which White 
Tartar is commonly growm. The work of Durrell and Parker (j) 
indicates also that White Tartar is quite generally resistant to stem 
rust. 

The practical significance of the existence of several biologic forms 
of Puccinia graminis on oats in the United States will depend on the 
number and the virulence of forms which may be found in the future. 
This problem is now being thoroughly investigated. 
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PLATE I 


Classes of host reaction: Resistant (RL susceptible (S), and intermediate (X), as 
indicated by difiFerent types of infection (o, i, 2, 3, 4, and X) produced by biologic 
forms of stem rust on different varieties of oats. 

Class R (resistant), including 3 subclasses corresponding to infection types o, i, 
and 2. 

A. —Practically immune (o'). No uredinia are developed, but sharply defined 
hypersensitive flecks are usually present. 

B. —Extremely resistant (i). Infection very light; uredinia minute and scattered 
and surrounded by very sUarply defined necrotic areas. 

C. —Moderately resistant (2). Infection light: uredinia usually small and scattered; 
hypersensitive areas viirying from sharply defined necrosis to pronounced chlorosis. 

Class S (susceptible), including two subclasses corresponding to infection types 
3 and 4- 

D. —Comparatively susceptible (3). Infection moderate; uredinia midsized with a 
tendency to coalesce; true hypersensitiveness absent, but light chlorotic areas usually 
present. 

E. —Completely susceptible (4). Infection normal and heavy; uredinia large, 
numerous ^nd confluent, hypersensitiveness entirely absent, but chlorosis may be 
present when cultural conditions are unfavorable 

Class X (intermediate), representing the heterogeneous (X) type of infection. 
(No subdivisions of this class are recognized.) 

F. —Uredinia very variable, apparently including all types and quantities of in¬ 
fection, often of the same blade; no mechanical separation seems to be possible, as, 
on reinoculation, spores from small uredinia may produce large ones, and vice versa. 
In general, the infection is ill-defined. 
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Plate 2 
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PLATE s 


A. —Puccinia jraminis avenag (Form I): (i) Victory, very susceptible; (a) White 
Tartar, quite resistant; (3) Monarch Selection, practically immune. 

B. —Puccinia graminU avenag (Form II): (i) Victory, very susceptible; (2) White 
Tartar, quite resistant; (3) Monarch Selection, highly susceptible. 



PI.ATE 3 

A. —Puccinia graminis avenae (Form III): (i) Victory, completely susceptible; (a) 
White Tartar, moderately susceptible; (3} Monarch Selection, verv susceptible, 

B. —Puccinia graminis avenae (Form IV): (i) Victory, completely susceptible; (a) 
White Tartar, highly susceptible; (3) Monarch Selection, very susceptible. 
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Plate 4 
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PLATE 4 

Puccinia graminis avenae (Form V) 

A. —^Victory, susceptible. 

B. —White Tartar, resistant. 

C. —Monarch selection, intermediate. 




DISEASE RESISTANCE TO ONION SMUDGE ‘ 

By J. C. Walkbr * 

Pathologist, Office of Cotton, Truck, and Fotom Crop Disease Investigations, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In an earlier paper on onion smudge {24) * a description of the S3rmp- 
toms and seasonal development of 3 ie disease, and of the morphology 
and life history of the causal organism is given. In connection with the 
above studies it was found in confirmation of the earlier observations of 
Berkeley (i), Thaxter {18, p. 163-165), Halsted {8), and Selby {16, p. 364- 
366,414), that all white varieties of onion observed are highly susceptible 
to smudge while varieties with colored bulbs—^yellow and red—show a high 
degree of resistance. Further study as to the nature of this resistant quality 
has shown that there are at least two substances or groups of substances 
within onion tissue which have a marked inhibitive effect upon the growth 
of the causal fungus, CoUetotrichum circinarts (Berk.) Voglino. One of 
these is the volatile oil,* and the other is a group of one or more com¬ 
pounds closely associated or identical with the flavone and anthocyan 
pigments of the scales. The present paper contains the results of inves¬ 
tigations upon this subject. 

OCCURRENCE OF VARIETAL RESISTANCE AND SUSCEPTIBILITY TO 

ONION SMUDGE 

Observations on the relative susceptibility or resistance of onion 
varieties to smudge in field and storage have been continued since 1914, 
chiefly in Wisconsin and Illinois but incidentally in a number of other 
onion-growing sections in the United States. In 1922, the oppKKrtunity 
was given to secure field data from certain onion centers in Europe and 
the Ouiary Islands. In all cases there, as in this country, where colored 
and white varieties were grown simultaneously under conditions favorable 
for the development of smudge, white bulbs were uniformly infected 
while colored bulbs were completely free or infected to only a slight 
degree. 

It ^ould be pointed out in this connection that the pigment in colored 
varieties of onion appears in the outer bulb leaves or scales when the 
plants are about half grown, or earlier. Several of the first leaves of the 
plant acquire no basal thickness and the first of these slough off, without 
the production of much pigment, during the plant’s early growth. With 
age the coloring becomes more intense until a short time before maturity. 


1 Accepted for publication Feb. so, xgap. This study has been supported jointly by the Department ol 
Plant Patholoay, University of Wisconsin, through a special grant ti^ the general research fund of the 
university, and by the Office of Cotton, Truck, and Forage Ci^ Disease Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture. 

* The imer is indebted to Prof. I,. R. Jones of the University of Wisconsin and to others in both the 
university and the Department of Agriculture for valuable suggestions and criticisms during the progrese 
of the investigation. 

* Reference made by number (italic) to *' I 4 terature cited,’* p. xojg-xojo. 

* Throughout this paper the term ** volatile oil ” is used to designate the volatile substances which or¬ 
dinarily arise from onion tissue, some of which, at least, are responsible for the characteristic onion odor. 
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when the yellow or red pigment, depending on the variety, is fully 
developed. At this time the plants have one to three thin, papery outer 
scales which are intensely colored. These cover the succulent scales and 
extend up over the neck of the bulb, where they frequently coimect with 
their respective green portions of the tubular leaves or “ top," although 
the latter may have disappeared by this time. Following these outer 
scales upwsird from the base, we find that the pigment ceases very ab¬ 
ruptly above the bulb, leaving the neck sheathed largely by uncolored 
tissue (PI. i). Toward the end of the growing season there is among 
colored varieties a tendency toward some pigment reduction in the outer 
scales, especially in the portions above the soil line. This becomes 
more noticeable when bulbs are allowed to remain in the ground for a 
prolonged period after they are mature and ready for harvest. 

When the disease appears early, several weeks before harvest, a few 
fruiting bodies of the fungus are occasionally found on the dead outer 
scales of colored varieties. These scales, usually only slightly pigmented, 
slough off before harvest. Practically all of the subsequent infection on 
colored varieties is confined to the outer sheath at or just above the neck 
of the bulb. This tissue, like the lower portions of the outer scale, is 
practically dead previous to harvest, but little or no pigment is present. 
This condition is illustrated in Plate i, which shows one set each of red, 
yellow, and white varieties, all taken from the same field a few days 
before harvest. It is to be noted that the disease has become general on 
the bulb of the white variety, while in the yellow and red varieties it is 
confined to the uncolored sheath of the neck. In onion-set fields, this 
condition of infection at the neck very often becomes general on colored 
varieties if there is sufficient rainfall and high relative humidity to bring 
about dissemination of the fungus and infection. The intensely colored 
portions of the outer scales rarely show signs of the disease. The infec¬ 
tion at the neck is largely sloughed off at harvest, leaving little or no 
sign of the disease in storage. On white varieties, as stated above, the 
fungus usually covers the entire bulb and continues to invade the fleshy 
scales, causing a gradual shrinkage. 

mOCUl^TION EXPERIMENTS WITH BOEBS 

The field observations reported above have been confirmed by plot 
experiments in which the plants were grown on well-infested soil or were 
inoculated three to four weeks before harvest with spore suspensions of 
the causal organism. In these experiments a number of varieties of each 
color were included. Table I gives a list of the varieties used and the 
dates of the trials. These trials confirm the general field data in that the 
white varieties all appeared to be highly susceptible, while the colored 
varieties were highly resistant to the disease. In the case of the latter 
group, where infection did occur it was present in small amounts and 
usually at the neck of the bulbs where the pigment was less intense. 
Occasionally the outer pigmented scales bore some fungus stromata, but 
usually the latter were associated with a lessening of pigment due to one 
cause or another. In other instances, invasion of the fleshy scales was 
noted where they were exposed to the soil, due either to splitting or to 
partial disintegration of outer scales when the bulbs were not harvested 
promptly. This observation is in accord with the following experi¬ 
mental evidence which shows that when the fungus is applied directly 
to the fleshy colored scale, invasion readily takes place. 
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Table I .—List onion varieties tested as to their susceptibility or resistance to smudge 


Color. 

19x6 

1917 

X9SO 

193 X 

White. 

White Globe. 

White Portugal. 

Queen. 

Mammoth Silver King. 

Extra Early Barletta. 
Giant White Italian Tri¬ 
poli. 

White Globe. 

White Portugal. 

Queen. 

Giant White Italian 
Tripoli. 

White Globe. 

Crystal Wax Ber¬ 
muda. 

White Australian. 
White Portugal. 
Early White 
Queen. 

Yellow or 
brown. 

Southport Yellow Globe. 
Michigan Yellow Globe. 
Yellow Globe Danvers. 
Yellow Danvers. 

Yellow Strassburg. 
Prizetaker. 

Early Neapolitan Marzola. 
Australian Brown. 

Southport Yellow Globe. 
Michigan Yellow Globe. 
Yellow Globe Danvers. 
Yellow Strassburg. 

Yellow Globe. 

Ailsa Craig. 
Gigantic Gibraltar. 
Australian Brown. 

Red. 

Extra Early Red. 

Large Red Wethersfield. 
Southport Red Globe. 

Extra Early Red. 

Large Red Wethersfield. 

Red Globe. 

Extra Early Red. 
Red Bermuda. 


The inoculation studies were continued in moist chambers, where drops 
of spore suspension were placed directly upon marked areas of the sur¬ 
face of the scales. From certain of the bulbs the dry, outer scales were 
removed and the inoculum placed directly upon tiie succulent scale, 
while in others the natural conditions were simulated by placing the 
drops upon the dry scale. In no case did any infection whatever occur 
upon the dry outer scales of colored bulbs; and where the spores were 
examined in the drops of inoculiun no normal germination had occurred. 
In nearly all instances, however, inoculations in the same or similar 
moist chambers upon the succulent scales of bulbs from the same original 
source did take effect. The infected area was characterized first by a 
very rapid disappearance of the pigment, often within two days after the 
inoculations were made, followed by a gradual collapse of the epidermal 
and underlying cells (PI. 2, A). From all appearances the fungus in¬ 
vaded the so-called resistant varieties as aggressively as it did the sus¬ 
ceptible ones when the dry scales were removed. The outer scales, 
therefore, appear to serve as the barrier and to be responsible for the 
resistant property of the colored varieties. 

The rapid destruction of the coloring matter in succulent scales at 
first was very surprising in view of the marked toxicity of water extract 
of pigmented scales, which will be described later. In fact, it necessi¬ 
tated a further study of fungus invasion of the colored succulent scales. 
This was done by cutting tangential razor sections from the surface of 
the scale directly beneath the drop of inoculum so as to contain the un¬ 
disturbed epidermis with a few layers of the underlying cells. These 
sections were then examined in water mounts imder the microscope. 
By this method the progress of the fungus could be watched from the 
instant of spore germination throughout the disappearance of the pig¬ 
ment. Scales of a red variety were used because it was much easier to 
follow the latter phenomenon in them than in those of the yellow varie¬ 
ties. It was found that the process of invasion was exactly similar to 
that already described for white onion bulbs (a^). After the formation 
of the appressorium and of the penetration tube, the mycdium developed 
first between the cuticle and sub-epidermal wall. Many cells were to be 
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fcmnd in which penetration of the cuticle had occurred with no apparent 
reduction of pi^ent However, before the hyphae had developed to any 
great extent there was evidence of pigment reduction, which proceeded 
quite rapidly. From the evidence so far obtained it appears that the 
pigment was destroyed while the mycelium was developing in the outer 
w^l and before actual penetration of the cell occurred. If this be true, 
the hyphae do not actually come into contact with the pigment as such; 
hence even if the latter were toxic, it might have no effect upon the 
fungus. The destruction of the pigment is due either to a substance 
secreted by the hyphae and capable of diffusing in advance of them or to 
independent chemical changes in the host cell brought about by the dis- 
tuihances resulting from fungus invasion of the outer wall. 

Of interest in this connection is the common observation made during 
these experiments—^namely, as the lesion developed on the succulent 
red scales, pigment of normal intensity appeared in the lumina of several 
layers of the uninvaded parenchyma cells below and around the lesion. 
In normal, healthy scales these cells never contain pigment, the latter 
being conned to the cells of the outer epidermis. The significance of 
the appearance of pigment under these adverse conditions can not be 
en^ely explained, but it seems to show very conclusively that the 
fungus infection at a given point on the scale not only affects Ihe invaded 
cells but also influences either directly or indirectly the metabolism of 
uninvaded cells for some distance around the lesion. The stimulation of 
anthocyan production by fungus invasion is a matter of common observa¬ 
tion in nature (25). 

VARIBTAI, SUSCBPTIBIWTy OP ONION SBBDUNGS 

The writer has reported (24) experiments in which CoUetoirichwn 
circinans caused a damping off of li^ite Globe seedlings under green¬ 
house conditions. It was of interest to note whether young seedlings 
of colored varieties would show any signs of resistance, especially since 
no pigment would have developed at this early stage. Sterilized green¬ 
house soil was inoculated with a pure culture of the onanism, and seeds 
of a few of the varieties listed above were planted. 'Hie percentage of 
diseased plants in the white varieties were: White Portugal, 85 per cent; 
Giant White Italian IVipoli, 98 per cent; and Queen, 93 per cent; in the 
yellow varieties: Michigan Yellow Globe, 100 per cent; and Southport 
Yellow Globe, 93 per cent; and in the red varieties: Extra Early Red, 8i 
per cent; and ^uthport Red Globe, 95 per cent The essentially equal 
susceptibility at this stage of all varieties tried, colored and white alike, 
is self-evident* 

The experimental and observational evidence conclusively shows that 
we have in colored onions a high degree of resistance to smudge but that 
this character is not present or at least not effective in the young seedlings. 
As will be ^own later, the active resistant principle is a water soluble 
substance in the dry outer colored scales. This reristance is not to be 
construed as a case of absolute immunity nor is it unaffected by 
environmental conditions. This idea is substantiated by the fact tlmt 


• Under fidd oondHkmB in our Northem States, tlie young onion seodlings, bdbig ipringHKnrau ere ordl* 
narily growing in a soil too cool for the doedopment of smudsn* Hiis probably acoountiTor the total lack 
01 any report in America of damping off In the fidd due to the mudM fungus, in Bni^d <i9Sa), higm* 
this oiganlsm was found caus% a damping off of young seedHEogs sown in August, at a this when 
sem tempemtures were more favorable This observadon wu on Wmte l^dron vuMy; no seedlings of 
colored varieties were available for comparison. 
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slight infection may occur on colored bulbs and even in rare occasions 
to a considerable degree if they are unduly exposed after maturity to 
the bleaching effects of direct sunlight as well as meteoric and soil water. 

RELATION OF ONION OIL TO THE PARASITISM OF COLLETOTRICHUM 

CIRCINANS 

The amount of research upon the chemical composition of the onion is 
limited. According to Remington and Wood (15, p. 1525-1526) : 

Fourcroy and Vanquihn obtained from the ordinary onion a white acrid volatile sub¬ 
stance containing sulphur, albumen, much uncrystallizable sugar and mucilage, 
phosphoric acid both free and combined with lime, acetic acid, calcium citrate, and 
lignin. The exi>ressed juice is susceptible of vinous fermentation. The oil is essen¬ 
tially the same in chemical composition as the oil of Allium Sativum and consists 
largely of allyl sulphide (C3Hj)2S. 

According to Gildemeister and Hoffman (7, p. 546), Semmler has found 
that onion oil, contrary to the reports given in most textbooks, consists 
not of allyl sulphid but of a series of sulphids, chiefly CgH^Sj. Kooper 
(ii) found thiocyanic acid in the onion as well and secured positive tests 
for thiocyanic acid allyl ether, but no trace of acetic, formic, or allyl 
aldehyde. The germicidal effect of onion juice was noted by Pasteur 
(^ 2 ). 

RELATION OP EXPRESSED ONION JUICE TO COLLETOTRICHUM CIRCINANS 

The relation of the constituents of the onion tissue to the fungus was 
first investigated experimentally by studying the effect of the expressed 
sap from onion scale upon spore germination. White onion scale tissue 
was macerated and the sap expressed by forcing through cheesecloth. 
Portions of the sap were diluted 10, 100, and 1,000 times with distilled 
water. Spores from a pure culture of the fungus were placed in drops 
of the expressed sap and in its various dilutions on glass slides in moist 
Petri dishes. No germination occurred in the sap as expressed from the 
tissue, nor in the i to 10 dilution. In the i to 100 dilution fair germina¬ 
tion took place, and in the i to i ,000 dilution normal germination occurred. 
This experiment was repeated many times with practically the same 
results. When bits of fleshy onion scale tissue were added to drops of 
water containing spores, germination was also inhibited. 

In order to determine the effect of heating on this inhibitiw substance, 
a small amount of onion extract was secured in the usual way and divided 
into two equal parts, one of which was placed in live steam for 20 minutes. 
No germination occurred in the fresh extract as usual, while in the heated 
extract a high percentage of the spores germinated normally. From the 
results of these experiments it seemed quite certain that there was present 
in the extract a toxic substance which was readily removed by heat. 

Since germination of the spore normally takes place in the soil or in 
water outside the plant, and not in contact with the host cell sap, and since 
the fungus would thus not come in contact Avith the inhibitive substance 
until its mycelium had penetrated the host, the question ardse whether 
this toxic substance within the cell is capable of inhibiting the growth of 
the germ tube. Spores were germinated in distilled water until the germ 
tubes were several times the length of the spore, then a number of Siem 
were transferred to onion sap extract. The growth of the latter group 
was checked at once, while those left in water continued to grow at tiie 
normal rate. This showed that the mycelium could be checked by the 
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inhibit!ve substance of the cell sap. It seemed highly probable that this 
substance present in the living cells of the host was responsible, in part at 
least, for the checking of the advance of the fungus after it had penetrated 
the fleshy scales. It seems logical, therefore, to conclude that the 
restricted parasitism the fungus is not due entirely to substances 
lacking in the fungus, but perhaps in some measure to the toxicity of the 
cell sap of the host. 

BPPBCT OP THB VOLATItB ONION Oil, ON THB FUNGUS 

Experiments were next undertaken to determine the effect of the vola¬ 
tile oil of the onion upon the germination and growth of the fungus. For 
the germination studies clean glass slides were laid in Petri dishes, two 
slides in each dish. The expressed juice of white onions, diluted to 
various degrees as in the above experiments, was used. Two drops of 
this medium containing the spores were placed on one slide in each Petri 
dish, while on the second slide in each dish were placed two drops of dis¬ 
tilled water containing spores in suspension. The data secured from this 
experiment are tabulated in Table II. 

TABLa II .—Effect cf volatile oil of onion extract on germination of spores of Colleto- 

trichum circinans 


Petri 




Germination. 

dish 

No, 

Medium, 

Dilution. 

Kxperi* 
ment i. 

Experi¬ 
ment 9 . 


/ ^ 

Onion extract.... 

lundiluted. 

Pircmt, 
f 0 

Percent, 

0 

I 

\ * 

Distilled water. 

i 0 

0 


1 ^ 

Onion extract. 

>i to 10 . ... 

I 0 

0 

3 

1 ■ 4 

Distilled water. 

{ 7S± 

t 7S± 

/ 7S± 

1 7S± 

asdb 
aS± 
9S± 
95 ± 
95 ± 



On^on extract. 

>i to 100 ,.. 

3 

i 6 

Distilled water. 


J 7 

Onion extract... 

>i to 1 , 000 .. 

4 

j § 

1 » 

Distilled water. 





The unusual and striking feature of these experiments is that in the 
Petri dishes containing the undiluted extract, no germination whatever 
occurred, either in the extract or in the drops of distilled water. This 
could be attributed only to the fact that a volatile substance from the 
expressed onion juice had been absorbed by the distilled water and had 
prevented the spores from germinating. The toxicity of the onion oil 
was thus clearly demonstrated. The toxic effect of the onion oil upon 
the spores in distilled water decreased as the onion extract was diluted. 
These experiments were repeated many times with essentially the same 
results. 

The effect of the volatile oil was demonstrated in another way. A 
suspension of spores was made in two tubes of melted potato agar, 
which were then poured into sterile Petri dishes. After the agar had 
hardened the plates were inverted. In the center of the inside ci the' 
cover of one plate a small amount of onion extract was placed. The 
agar was thus exposed to the volat^ but was not in contact with &e 
extract. The other dish served as a control (PI. 2, B). In it tim spores 
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germinated normally and growth soon covered the plate. In the other 
plate the volatile oil prevented germination of all the spores except those 
around the edge of the plate. In a few days the extract was decomposed 
by bacteria, since no attempt was made to keep it sterile; then the growth 
of the fungus proceeded from the margin toward the center of the plate. 
The fact that the spores in the center of the plate did not germinate 
showed that they had been killed by the volatile oil. 

Another experiment was performed to determine the efiFect of the vola¬ 
tile oil on the growth of the mycelium. Three plates of potato agar were 
poured, and to the center of each was transferred a bit of mycelium from 
a pure culture of the fungus. The colonies were allowed to develop for 
foiu- days, when they measured 18, 19, and 15.5 mm. in diameter, respec¬ 
tively. One plate was then designated as a control. Within the inverted 
covers of the other two were placed small amounts of onion extract as 
described in the previous experiment. In Table III are given the meas¬ 
urements of the colonies for the next five days. The colony in the control 
plate continued to grow at a normal rate, but those colonies exposed to 
the volatile oil practically ceased growth. At the end of the third day 
the extract was removed from one plate; the fungus colony in that plate 
resumed growth, showing that the mycelium had not been killed, but had 
merely been checked by the volatile oil. In the third plate a slight 
amount of growth had taken place by the fifth day, after which, as the 
onion extract decomposed, the fungus resumed the normal growth rate. 
This experiment shows that the growth of mycelium is markedly chedced 
in the presence of the volatile oil, but that, unlike the spores, its 
growth processes are resumed when the inhibitive substance is removed. 
This fact is of significance in considering the effect of the onion oil upon 
the fungus hypha invading the scale tissue. One might expect in this 
case a slowing up or cessation of growth of the hypha, temporarily at 
least, but not necessarily a killing of the fungus filament. 

Tabls III .—Effect of volatile oil from onion extract on growth Collet^trkkum circinaru 


Time of measurement. 


Beginning of experiment. 

Second day. 

Third day. 

Fourth day. 

Fifth day. 

a Extract removed at end of third day. 

ONION Oil, FKOM RESISTANT AND FROM SUSCEPTIBLE VARIETIES 

It should be kept in mind that the foregoing experiments were con- 
doetied entirely with extracts from white onions, which have been shown 
to be susceptible to the disease. It was of interest to know what degree 
of tojddty was to be found in the extract from the yellow and the red 
vaxMes, the so-called resistant types. Accordingly, extracts were 
mide Red Globe and Yellow Glo^ bulbs, as well as from the White 
Globe, ft dhgfe bulb bang used in each case. It should be pointed out 


Diametef of thalli. 

Control. 

Exposed. 

Exposed. 

Mm, 

Mm, 

Mm, 

z 8 

19 

IS*S 

27 

19 

15-S 

33 

19 

IS* 5 

39 

0 30 

IS* 5 

41 

n 

z6. 0 
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here that there is a certain amount of pigment present in the epidermal 
cells of the colored fleshy scales which was necessarily included in the 
extract. Moreover, it will be shown later that the water extract of dry 
pigmented scales is toxic‘to the fungus. It is believed, howevw, that 
in these fleshy scale extracts the pigments were so dilute as to have had 
little or no effect. Various dilutions of the fleshy scale extracts in dis¬ 
tilled water were secured, as before, and their effect upon germination 
of spores was determined. As described in the previous experiment, a Petri 
dish containing one slide for drops of spores suspended in distilled water 
and one slide for spores in the onion extract, was used for each dilution. 
Results of this experiment are included in Table IV. 

Table IV.— Toxicity of succulent scale extract from White, Yellow, and Red Globe 
varieties of onion to the spores of Colletotrichum circinans 


Spore germination. ^ 


Diiutioiu 


Undiluted... 


I to 10. 


1 to 20, 


I to 40. 


I to 60. 


z to 80. 


z to 100.. 


Z to 1,000. ... 


Petri 

dish 

No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Medium. 


fExtract. 

iDistilled water. 

jfExtract. 

|\Distilled water. 

fExtract. 

(Distilled water, 

fExtract. 

(Distilled water. 

[fExtract. 

(Distilled water, 

fExtract. 

(Distilled water. 

! Extract. 

Distilled water. 

Extract. 

Distilled water. 

fExtract. 

(Distilled water. 

fExtract. 

(Distilled water. 

[fExtract. 

[(Distilled water. 

fExtract. 

(Distilled water. 

[fExtract . 

I (Distilled water. 

fExtract. 

(Distilled water. 

Extract. 

Distilled water. 

Extract. 

Distilled water. 
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Experiment 3. 
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‘ Symbols used; o..no KCRnination; oto ss per cent spotes sermimetinz; —95 to so per cent; S—so 
to 75 per cent; +—75 to jo per cent; ++*.90 to 100 per cent. 


It is quite evident that but little difference exists between the colored 
and white Globe varieties used as to the toxicity of their cell sap. In 
fact, in this respect the differences between individual bulbs of the same 
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variety are as great as those between varieties. It is to be expected, 
therefore, that the volatile oil content of these varieties of onions is a 
factor not necessarily responsible for differences in susceptibility or 
resistance to smudge. 

From the foregoing experiments it may be concluded that the expressed 
sap from white onion scale inhibits germination and growth of Colletotrickum 
circinans and that this toxicity appears to be due, in large measure at least, 
to the volatile onion oil which is liberated upon crushing of the tissue. 
This toxic substance is thermolabile inasmuch as it is largely removed by 
heating the extract for 20 minutes in live steam. The fact that no 
appreciable difference in toxicity between sap from colored and that 
from white Globe scales was found indicates that the volatile oil has 
little to do with the difference in varietal susceptibility. It is believed, 
however, that this substance is not to be overlooked as a factor in 
limiting the parasitism of C. circinans. 

It is of interest in this connection to note that Bernard (2) found the 
bulb tissue of Loroglossum to have a fungicidal effect upon the mycorrhi- 
zal fungi isolated from a number of closely related species of orchid. 
This was demonstrated by placing a piece of the bulb on agar in proximity 
to the thallus of the fungus. Growth of the latter did not extend within 
a certain zone surrounding the bit of orchid tissue. 

RELATION OF SCALE PIGMENTS TO DISEASE RESISTANCE 

It will not be necessary to review the literature upon plant pigments 
since it has already been brought together by others, including Wheldale 
(25) and Wakeman (22). Although a few cases of correlation between 
resistance and the red or yellow pigments in plants have been noted 
(5, 6, 17, 21), in no previous case, so far as the writer is aware, has the 
relation of plant pigments to plant parasites been carefully studied. 
The fact that a water extract from pigmented onion scales has been 
proved to be highly toxic (2?) to the smudge organism, has prompted a 
further inquiry into this subject. It is needless to point out that tlie 
widespread occurrence of closely related pigment compounds in the plant 
kingdom justifies further investigation of their relation to parasitism. 

NATURE OF THE RED AND YELLOW PIGMENTS IN ONION SCALES 

The red and yellow pigments of onion scales are solutes in the cell sap 
of the outer epidermal layer. They first appear when the plants are 
about half grown and continue to develop during the remainder of the 
growing season. At maturity the color is most intense in the outer 
scales which have dried down to a thin papery consistency, and it be¬ 
comes progressively less marked in the fleshy scales as the center of the 
bulb is approached. Intensity and color of pigment vary with varieties. 
Colored varieties may be roughly grouped into the large classes, the 
3^11ow and the red. There are numerous varieties, however, such as the 
Australian Brown, which lie on the border line between the two groups. 
Pigmented cells of the yellow varieties when treated with alkalies 
turn deep brownish yellow in color, a reaction typical of the flavones 
(25). The pigmented cells of the red varieties turn pink in acid and 
green in alkdine solutions, which reactions are characteristic of the 
anthocyans. Perkin and Hummel {14) isolated quercetin, a flavonol. 
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horn a hot water extract of colored onion scales, but they did not state 
the variety or color of onion used. Perldn and Everest (xj, p. 201) state 
that attempts to isolate a quercetin glucoside from onion skins have 
hitherto failed. Our work shows that quercetin exists to a considerable 
extent in both the yellow and the red scales, and in the last case it evi¬ 
dently occurs along with an anthocyan. Beyond the work of Perkin, 
just cited, there is no information available as to the exact nature in 
which the red and yellow pigments exist in the onion tissue. In connec¬ 
tion with the present problem this question is now being investigated in 
cooperation with the Department of Pharmacy, University of Wisconsin, 
and results with their bearing upon the relation between parasite and 
host will be published later. It is a matter of common observation that 
upon death of the cell, the cell sap pigments readily diffuse out. Likewise 
in the onion, there is considerable diffusion of soluble pigment from dead 
outer scales but little or none from the succulent scales. 

RELATION OP ONION PIGMENTS TO THE FUNGUS 

The close correlation between presence of pigment in the outer scale of 
the onion and resistance to smudge has already been pointed out. In 
further search for the substances in the plant responsible for resistance, 
a study was made of the effect of water extracts of the dry outer scales 
upon the germination and growth of the fungus. 

It has been shown that when bits of the fleshy scale of the white or 
colored onion were placed in drops of water containing spores of Colle- 
totrichum circinans, germination was entirely inhibited. Similar trials 
made with outer dead scales of white onion yielded no inhibition, how¬ 
ever. Thus, it was evident, that a large part of the volatile oil present 
in the fleshy tissue is lost as the outer scale dries down. It is assumed, 
therefore, where dry outer scales were used that toxicity of the volatile 
oil did not enter in to any appreciable degree in the following experiments. 

MSTB0D8 

The methods used were as follows: Drops of distilled water containing 
spores of the fungus were placed on clean glass slides, two drops on each 
slide. Petri dishes lined with moistened filter paper were used as moist 
chambers; two slides were placed in each Petri dish, one serving as a 
control, the other as a means of testing the effect of scale extract on 
spore germination. In the drops on the latter slide bits of onion scale 
about 2 mm. square were placed, usually two such pieces per drop. 
Observations were made and recorded after 18 to 24 hours. 

snracr upon spore obrionation 

Further experiments, conducted wdth bits of tissue from the dead 
outer scales, resulted in quite a different reaction on the part of the 
fungus than had hitherto been noted. No indication of the injury to 
(X)ntrol drops so evident in the last experiment was noted, riiowing that 
the funvicidal effect of the volatile oil is largely, if not entirely, absmit 
in the axy outer scales. In the case of drops of spore suspension con¬ 
taining bits of the dry white scale, gmnination occurred and appres> 
soria formed as usual. The behavior of the (xrganism Was thus very 
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similar to that commonly observed in distilled water or on nutrient 
media. However, where red or yellow scale tissue was added to the 
drops distinctly abnormal germination occurred. In a large majority 
of cases, the spore sent out a germ tube, which usually acquired a length 
of only about one micron, when the wall at its tip either dissolved^or 
ruptured and a portion of the cell contents exuded and collected in^a 
naked mass at the end of the very short and usually indistinguishable 
tube. Thus at the end of 12 to 18 hours most of the spores were to be 
found each with a naked mass of the cell contents adjacent to them. 
This feature is illustrated in figure i and Plate 3. For the purposefof 
the present paper this condition is referred to as “rupturing” of me 
germ tube, although the exact details of the process have not been worked 
out and it is realized that ftu-ther study may necessitate another descrip- 



Fio. x.—Effect of water extract of outer onion scales upon spore germination of the smudge fungus. Bits 
of dry scales of white, yellow, and red onions were added to drops of spore suspension in distilled waters. 
Note typical germ tubes and appressoria in the case of the white scale as compared with abnormal 
germination in the case of the colored scales. The abnormalities arc of three types: (x) Ruptured germ 
tubes. (3) short, thick germ tubes. (3) swelling of spores without production of germ tubes. 

tive term. This phenomenon usually prevented further functioning of 
the spore. 

In a smaller percentage of cases there occurred other abnormal types 
of reaction, which may be divided into two general classes. The ^t 
class includes those which will be referred to as “swollen spores.” In 
this group there is a marked swelling of the spores, usually at one end, 
with septation occurring at the limit of this enlargement (fig. i); no 
germ tubes are formed. In the second class, designated as having 
“abnormal germ tubes,” the tube grows f®r a short distance, is usually 
swollen at ^e tip or abnormally large in diameter, and never produces 
an appressorium (fig. i). 

The percentages of various types of germination obtained in the first 
experiment are recorded in Table V. ^e results were determined by 
counting several microscopic fields from each slide. It is to be noted 
that ruptured germ tubes occurred with a large majority of the spores 
where red or yellow scale tissue was added to the drops. Moreover, 
the spores reacted essentially alike to the red and yellow tissue. 
Numerous repetitions of this experiment 3delded essentially similar re¬ 
sults. The data from one of these experiments are recorded in Table VI. 
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TablS V .—Effect of dry outer scale tissue of red, yellow, and white varieties <f onion 
upon the spore gemmation of Colletolrichum circinans {experiment i) 


Gcrmitution. 


Variety. 

No 

germina¬ 

tion. 

Normal 

germina¬ 

tion. 

Ruptured 

germ 

tubes. 

Abnormal 

germ 

tubes. 

Swollen 

spores. 

Red.. 

Per cent, 

0 

0 

10 

Per cent. 
21 

35 

90 

Per cent. 

78 

61 i 
0 

Per cent, 

0 

2 

0 

Per cent. 

1 

2 

0 

Yellow. 

White. 



Tabls VI .—Effect of dry outer scale tissue of red, yellow, and white varieties of onion upo n 
the germination of Colleiotrichum circinans {experiment 2) 




Germination 



Color of tissue used. 






No germi- 

Normal 

Ruptured 

Abnormal 

Swollen 


nation. 

germina¬ 

tion. 

germ 

tubes. 

genn 

tubes. 

spores. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

/Red. 

7 

2 

45 

42 

4 

\Control. 

9 

91 

0 

0 

0 

/Red. 

12 

0 

88 

0 

0 

\Control. 

12 

88 

0 

1 

0 

0 

/Yellow. 

34 

0 

66 

! 0 

0 

\Control. 

7 

93 

0 i 

0 

0 

/Yellow. 

24 

0 

76 ! 

! 0 

0 

1 ^ Control. 

II 

8q 

0 1 

1 0 

0 

I/White. 

8 

Q2 

0 1 

0 

0 

\Control. 

9 

91 

0 1 

0 

0 

/.White. 

13 

87 

0 i 

0 

0 

iControl. 

47 

S 3 

0 


0 


8FFECT UPON GROWTH 

The experiments just described show conclusively that the water extract 
of pigmented dry scales is highly toxic to spores of Colletotrichum circinans. 
while a similar extract from white scales has 110 such inhibitory effects. 
The fact that the toxic substance (or substances) is so readily diffusible 
leads one to surmise that the plant may be protected by its gradual solu¬ 
tion into the soil water immediately surrounding the bulb. The smudge 
organism develops normally in the soil; hence it is conceivable that in 
some cases at least the spore may germinate at some distance from the 
bulb; thus the mycelial hyphae may be the first to come into close con¬ 
tact with the bulb or with the soil solution immediately surrounding it. 
Accordingly an experiment was carried out to determine the effect of the 
pigmented extract upon the growth of the fungus mycelium. 

Spores were germinated in water until the germ tubes were several 
times the length of the spores. Small pieces of dry outer red scales were 
then added to certain of the drops, while others were left as controls. 
After 24 hours, examination showed that whereas the hyphae in the con¬ 
trol drops had continued to grow normally, those to which the bits of red 
scale had been added had grown little if at all from the time these pieces 
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were added. This is best shown in figure 2, which contains camera- 
ludda sketches of representative spores and thalli, made at the time 
when the scale tissue was added to the drops of spore suspension and 
at the conclusion of the experiment. It is quite evident that the toxic 
substance (or substances) here concerned inhibits the growth of hyphae 
as well as the normal germination of spores of Colletotrichum cirdnans. 

SrPBCT OP COLORSD AND OF UNCOI.ORBD PORTIONS OF THE SAME SCALE 

It has already been pointed out that ordinarily little or no pigment is 
formed in the outer scales at the neck of the bulb. Moreover, under 
suitable conditions this particular portion of an otherwise resistant plant 
is readily attacked. It was important, therefore, to know whether the 
inhibitive substance already demonstrated in the pigmented tissue could 
be found in this closely adjacent uncolored area. The outer scale of a red 
onion set (Red Wethersfield variety) which had become naturally 
infected in the uncolored portion at the neck was carefully removed. 



Kio. a.—Effect of colored outer scale extract upon growth of hyphae of the smudge fungus. Spores were 
germinated in drops of distilled water to the point illustrated by camera lucida sketches in A. To some 
of the drops bits of red outer scale were then added. Growth was recorded by further sketches 34 hours 
later. In B are shown t3rpical spores from drops to which red scale tissue has been added, while in C 
are shown typical spores from control drops. Growth was almost, if not entirely, checked when the 
scale tissue was added. 


Bits of tissue were then cut from the colored part of the scale just below 
the area of infection, and from the uncolored part about i inch above 
this point. The scale after the removal of these bits of tissue is shown 
in Plate 4. The bits of tissue from the two points were placed in drops 
of spore suspension according to the previously described method. In 
the drops containing uncolored tissue normal germination occurred, 
while in those containing colored tissue practically all of the spores 
developed ruptured germ tubes. Representative spores from eadi lot 
are illustrated in Plate 4. The experiment has been repeated several 
times with similar results, showing conclusively the dose correlation 
existing between the pigment and the toxic entity. 

EFFECT OF DILUTINO THE FIOHSNT EXTRACT 

In order to secure a more nearly uniform basis of comparison between 
white, yellow, and red bulbs, an rauivalent amount of dry scale tissue 
from ea<i variety was weighed. The three lots were then allowed to 
steep for 24 hours at room temperature in distilled water added at the 
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rate of 20 cc. per gram of tissue. The extract was filtered and various 
dilutions of the filtrate with distilled water were used as media for spore 


Onion 

White 


Scale Extract 

RED YELLOW 



Fio. s.^-'SjjMregeraiiiiEtion of CoU$Utkickum eiremant in extracts made from dry outer scales of 
red, and yeuow varieties of onion, and in onion decoction. One gm. of dry scale was extracted ovei 
in so oc. of distilled water at room temperature. Dilutions were then made up to x to 5 with di 
water. Note that gemdnation and growth were normal in onion decoction and uxidiluted whiti 
extract, whUe in the undiluted coloM scale extract typical abnormal germination occurred as aho 
fig. I. With dilution the toxicity of the extract was rrauced, however, quite notxnal germination 
rmg at X to 5. Normal unge r m i nate d spores are diown in the lower left*haod comer. See further 
nation in the text. 


germination. The results are recorded below; representative spores 
from each dilution ate illustrated1>7 camera ludda slUtches in figure 3. 
White scale tusue: 

Undiluted—Good gennination,, growth, and appresscniuni fortnstioa. 


mim 
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Yellow scale tissue: 


Undiluted.At 34 hours, a large percentage of ruptured gem tubes; at 

48 hours, no change. 

itoa .At 34 hours, many ruptured gem tubes and many short, 

thick, gem tubes; at 48 hours,.practically no change. 

I to 3.At 34 hours, ^ort, thick gem tubes, no appressoria; at 48 

hours, good growth and appressorium fomation. 

I to 5.At 34 hours, g^ growth ana appressorium formation. 

Red scale tissue; 

Undiluted.At 34 hours, very little gemination; when it occurred it 

resulted in ruptured gem tubes; at ^ hours, no change. 

I to 3 .At 24 hotu^, ruptured and diort, thick, abnormal gem 

tubes; at 48 hours, some additional growth of latter. 

1103.At 34 hours, gem tubes slightly longer than in t to 3, no 

appressoria, an occasional ruptured germ tube; at 48 
hours, considerable additional growth, but no appres¬ 
soria. 

I to 3 .At 34 hours, good gemination and appressorium fomation. 


It will be seen that in the undiluted extract of white scales, germina¬ 
tion was quite normal and compared favorably with that in onion decoc¬ 
tion. In the undiluted red and yellow scale extract “ruptured” germ 
tubes were common. As the colored extracts were diluted, however, 
there was a gradual diminution of the toxic effect with seemingly normal 
germination occurring in the i to 5 dilution This shows that the 
inhibition in the concentrated solutions was not due to a lack of nutrients. 
Moreover, the toxic entity was apparently about equally concentrated in 
the extract from the red and that from the yellow scales, if we may judge 
from the extent to which germination was reduced in equal dilutions of 
the two extracts. 

RELATION OF CELL SAP ACIDITY TO THE FUNGUS 

The reaction of the cell sap of the host plant as a factor in resistance to 
parasites has been emphasized by Comes (j, 4), but Jones, Giddings, and 
Lutman (ro), Hawkins and Harvey (9), Vavilov (20), and others found 
no positive evidence of its importance as the cause of resbtance. Since 
this point is not one to be overlooked, a study of the acid toleration of 
Colletotrichum drcinans was made. 

Onion decoction, a medium which had proved very favorable for germi¬ 
nation and growth, was used in this study. Two hundred gm. of fresh 
onion bulb tissue and 1,000 cc. of distilled water were cooked in the 
steamer for one hour. This decoction was then filtered through filter 
paper and the hydrogen-ion concentration of the filtrate determined. 
The medium was then divided among ten 200-cc. flasks and the acidity of 
each adjusted with standard solutions of hydrochloric acid or with sodium 
hydroxid so as to cover the following range of Pg values: 1.8, 2.0,3.0, 3.6, 

4.4, 5.2, 6.4, 7.4, 8.8, and 9.4. A portion from each flask was used for 
spore germination tests and the remainder sterilized for 30 minutes at 
7 pounds pressure. The acidity of each flask was again tested after sterili¬ 
zation and the following values noted: 1.6, 1.8, 2.2, 3.4, 4.6, 5.2, 6.2, 6.8, 

7.4, ' and 8.2. Spore germination tests were also made witii portions from 
the^ lots after sterilization. Good germination occurred in the alkaline 
media and in the acid up to 3.4. When the acidity increased beyond 
that point, germination was reduced and abnormal. In the unsterUized 
extract at P^ 1.8 and 2.2,10 to 15 per cent of the spores began to germi¬ 
nate, but the germ tubes appeared to rupture and exude cytoplasm in a 
manner strikingly similar to that observ^ in the water extract from dry 
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colored onion scales. Occasionally there was a slight swelling of the 
spores (fig. 4). At Ph 3, hbout 43 per cent of the spores germinated, but 
the hyphae were abnormal in size and stunted, and in many cases the 
germ tubes ruptured. In the sterilized extract no germination occurred 
at Pq 1.6 to 2.2, except for an occasional ruptured germ tube at Ph 2.2. 

The growth of the fungus on onion decoction of various Ph values was 
tested. The medium was made as described above, except that 2 per 
cent dextrose was added. Duplicate portions of 75 cc. each in 300-cc. 
Jena glass flasks were used. 'Ilie medium was inoculated by tran^erring 
a piece of stroma and mycelium from a potato agar culture of the organism 
to each flask. The flasks were kept in diffused light at room temperature 
(ao® to 25° C.) for 54 da)rs. The mycelial growth was then removed 
from the remaining culture medium by filtration and the reaction of the 
filtrate determined. The Ph value of the medium before and after filtra- 


Ph ~ 46 iirs. 



A, 

pHZ0-4ehrs}^ 


Ph SO 



Fxg. 4.—Spore germinatton oi Colletoirichum circinans in onion scale decoction adjusted to the various 
degrees of acidity indicated. Note the niptdred germ tubes at Pa x.S and s.o, and the same together 
with swollen spores and short thick genn tubes at Pb 3. See further explanation in the text. 


tion, and at the end of the experiment, as well as the amount of fungus 
growth occurring in the flasks, are recorded in Table VII. 

A repetition of this experiment with Pyrex flasks and the use of spores 
instead of mycelium as inoculum )rielded essentially the same results. 

It may be concluded from the above experiments that both the spores 
and the mycelium of Colletoirichum circinans germinate and grow well in 
onirm d^oction ranging in Ph value from about 3.5 to 8. As the actual 
acidity increases beyond 3.5 there is a sharp reaction in germination 
and growth, with a tendency toward rupturing of the germ tubes. It is 
important also to note that in the flask cultures, where good growth 
occurred, the reaction of the medium chan^ decidedly toward the 
alkaline during the f^od of the experiment, ^e rapidity of this change 
and the actud variations in the reaction from day to day wa% not 
determined. 

The add toleration of the fungus having been studied, the reaction of 
the onion tissue was next considered. Plants of the Red, Ydlow, and 
White Globe varieties growing out-of-doors were pulled at about 8.30 
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a. m,, July 31, 1920, and determinations made directly by the electro¬ 
lytic method.' Ibe tops and the scales were chopped up separately and 
^e expressed juice used for the determinations. The results are given 
in Table VIII. It is to be remembered, of course, that this method does 
not necessarily give the actual reaction which the fungus hyphae en¬ 
counter as they invade the plant. It is conceivable that there may be 
natural variations in reaction in different parts of the bulb and at different 
hours of the day, while secretions of the fungus itself might change its 
immediate surroundings. Valleau (ip) suggests in the case of brown- 
rot of plums (Sderotinia cinerea) that, “it is very probable that in the 
slow development of the fungus in the resistant fruits enough oxalic acid 
is produced by the hyphae to actually become toxic to them." However, 
there was no evidence of wide variations in acidity between resistant and 
susceptible onion bulbs, and the acidity of the juice expressed from either 
was much lower than that of the onion decoction in which germination 
and growth of the fungus were inhibited. Moreover, the fungus tended to 
change very acid solutions to a more alkaline, and thus more favorable, 
reaction. 

TablB VII. —Growth of ColUtotrichum circinans in onion decoction adjusted to various 
Ph values (duration of experiment, 54 days) 


1 

Ph value. 


Flask No. 




Amo 


Before ster- i 

After ster- 

At end of 



ilization. 1 

ilization. 

experiment. 


I .i 

2 . O 

1.6 

1.8 

None. 

2. 

2. 0 

I. 6 

I. 8 

Do. 

3 . 

3.0 

3-0 

2. 0 

Do. 

4 . 

3-0 

3 - 0 

2. 0 

Do. 

5 . 

3-2 

3-0 

2. 6 

Ver>" slight. 

6. 

3 - 2 

3 - 0 

2. 6 

Do. 

7 . 

3-8 

3-6 

5-2 

Good growth 

8. 

3-8 

3-6 

4.8 

Do. 

9 . 

4. 6 

4.6 

6. 2 

Do. 

10. 

4.6 

4.6 

6. 2 

Do. 

II. 

S' 2 

5-4 

7.2 

Good growth. 

12. 


S -4 

7.0 


13 . 

6.4 

6.4 

7-4 

Do. 

14 . 

6.4 

6.4 

7*4 

Do. 


Amount of growth. 


Table VIII. —Acidity of expressed juice of scales and tops of Red, Yellow, and White 

Globe onions 


Variety. 

Pb values. 

Tops. 

Succulent 

scales. 

Red Globe... 

4.8 
S-» 

5*3 

5*4 

S -4 

Yellow Globe. 

White Globe. 

1 


* The writer is indebted to Mr. O. C .Bryan of the Department of Soils, University of Wisconsin, for mak* 
intthe hydrogen-ion determinations. 
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Hie possibility of a connection between acidity and toxicity in cold 
water extracts of dry outer scales was considered. Outer scales of red, 
yellow, and white bulbs were extracted for 24 hours in redistilled water 
having an approximately neutral reaction. For each gram of tissue 15 
cc. of water were used. The hydrogen-ion concentration of each extract 
was then determined and portions of each were used for spore germina¬ 
tion tests. The results are given in Table IX. Although the acidity of 
the outer scale extracts is somewhat higher than that of the succulent 
tissue, it was still in all cases within the range tolerated by the fungus, 
and the toxicity, therefore, must be due to something beside acidity. In 
none of these determinations was there any evidence of wide variation in 
acidity between resistant and susceptible bulbs. 

TablS IX .—Acidity of cold water extracts of dry outer scales of white and colored onions 


Variety. 

Ph value 
of extract 

Reaction of spores. 

Ungermi¬ 

nated. 

Normal 

germina¬ 

tion. 

Ruptured 

germ 

tubes. 

Swollen 

spores. 

Short, 

abnormal 

germ 

tubes. 

Yellow Globe. 

Yellow Globe. 

Red Globe. 

White Globe. 

3.70 
. 4.67 

3 - SS 

4- 03 

Per cent 

S* 

24 

Percental 
numen 
at 48 h( 

Percent. 

0 

0 

0 

^e germinf 
msappress 
>ur8, maki 

Percent. 

47 

74 

8 

ition fairl] 
iona;new( 
ng spore c 

Percent. 

Z. 0 

I. 0 

0.5 

r high; goc 
:Qnidiabei 
ounts imp 

Per cent 
ao 
z*o 
0 -S 
d growth; 
ng formed 
omble. 


DISCUSSION OF RESULTS 

The resistance of the common colored varieties of onions to smudge is 
weU established. The water extracts from' the dry outer scales of red and 
of yellow onions have shown a marked toxicity to spores and mycelium 
of CoUetotrichum circimns, and the reaction of the fun^s is quite dlfFerent 
from that brought about by the onion oil. In the scdes of white varieties 
the toxic entity ordinarily associated with flavone or anthocyan pigments 
in the colored varieties, is apparently absent or too slight to be detect^. 
Moreove^ in the colored varieties, it is confined to that tissue in which 
there has been production of pigment. Its absence in the unpigmented 
portions of the colored scales about the neck of the bulb is correlated 
with a marked susceptibility to the disease in this limited re^on. The 
fact that this toxic substance is readily diffusible in water inmcates that 
meteoric or soil water immediately adjacent to colored bulbs may become 
sufficiently toxic to ward off invarion by the fungus. In any case, we 
are led strongly to suspect that by means of this toxic substance the 
dry outer scdes of colored bulbs serve as a barrier between the parasite 
in the soil and the underlying fleshy scales, which have been shown 
to be susceptible to infection. 

The exact identity cff the toxic sutetance (or substances) remains to 
be determined. Its v^ close association with the scale pigments is 
suggestive. The toxicity may be due to the colc»r compounds or to 
compounds closely associated with them. Attempts are now bang 
made to isolate the substance in pure form, Imt it must be recognised 
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that such an anal3^is breaks down to some extent the complex balance 
of compounds as exist in the tissue. 

The marked toxicity of the expressed juice of fleshy scales of both the 
susceptible and the resistant varieties is also of interest. It seems^to 
be due largely to the volatile onion oil, but apparently it does not con¬ 
tribute to the noted differences in varietal susceptibility of the northern 
Globe types. The juice from colored scales and that from white scales 
are essentially equ^ in toxicity. Moreover, as stated above, infection 
of the fleshy scales seems to progress as readily in resistant as in sus¬ 
ceptible varieties. The relation of the volatile oil to the aggressiveness 
of the parasite may well be considered, however. The smudge organ¬ 
ism causes an exceedingly slow decay of the bulb compared with 
certain other bulb parasites, such as Botrytis allii, for instance, although 
peaetration by the former is accomplished very readily and easily and 
in fact much more generally than in the case of the latter fungus, 
which usually requires a wound in order that invasion may take place. 
When we consider the marked toxicity of the onion oil to the smudge 
fungus, we are led to wonder that invasion occurs at all. However, 
several possible explanations at once present themselves. In the first 
place, the oil as it is released from the expressed sap may be in a differ¬ 
ent state than that in which it actually exists in the living cell. In 
the allied case of the mustard oil of the crucifers, allyl isothiocya¬ 
nate, for instance, the oil exists in certain cells as the glucoside, sinigrin, 
while in adjoining cells is contained a glucoside-splitting enzym, m)TO- 
sin. When the tissue is crushed the enz3m comes into contact with 
the glucoside and the volatile oil is released. Does a similar con¬ 
dition prevail in the onion? In the second place, under ordinary 
natural conditions the mycelium of the smudge fungus apparently does 
not invade the living host cells, but weakens and kills them, usually 
slightly in advance of the hyphae, by means of some diffusible sub¬ 
stance. Moreover, the change in color and texture of the cell con¬ 
tents and, in the case of red scales, the tendency toward formation of 
coloring matter in the parenchymatous cells both indicate certain effects 
on host metabolism ahead of the parasite. It may be that through 
these changes in the cells the volatile oil is either broken down or released 
and hence that its toxic effects are reduced, at least to the point where 
invasion is merely retarded and not entirely diecked. 

The study of penetration indicates that the fungus is capable of 
penetrating the cuticle and dissolving the cellulose of the walls equally 
well in all varieties. The add range tolerated in culture media is wider 
than the range occurring in the host. It is assumed, therefore, that 
differences in cell membranes and in addity of cell sap do not materially 
affect resistance to the smudge organism. 

SUMMARY 

(1) Ottion smudge is a common disease of the bulb scales. In general, 
white varieties are susceptible to the disease while colored varieties 
show^a high d^;ree of resistance. 

(2) When the dry outer scales of colored varieties were removed the 
fle^y scales were found to be very susceptible, invasion taking place in 
the same manner as in the white varieties. The highly colored dry 
outer scales apparently serve as a barrier to the entrance of the parasite. 

(3) In the seedling stage all varieties tried were equally susceptible. 
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(4) The expressed juice of succulent onion scales is highly toxic to 
the fungus; this effect is seemingly due in large measure to the volatile 
onion oil. The extracts from resistant and from susceptible varieties 
have essentially equal degrees of toxicity. The onion oil apparently is 
not a factor contributing to varietal resistance to smudge in the northern 
Globe types, but its importance in limiting the parasitic action of the 
fungus is suggested. 

(5) The red and yellow colors in onion bulbs are due to pigments which 
are present in the cell sap of the outer epidermal layer. This color is 
most intense in the dry outer scales, and at least a portion of the pigment 
in these is readily soluble in water. 

(6) Water extract of dry outer pigmented scales causes abnormal 
germination and retards growth of the fungus, while that from dry outer 
white scales does not. Essentially the same reaction was recorded with 
the yellow as with the red scales. 

(7) A substance (or substances) present in the dry outer scales of 
resistant bulbs and closely associated or identical with the red and yellow 
pigments is apparently the chief factor causing resistance to smudge. 
Studies are now being directed toward isolation and identification of &e 
toxic entity. 

(8) Within the range determined for host tissue, variation in the 
hydrogen-ion concentration of onion decoction as a medium affects 
neither germination nor growth of the fungus. 

LITERATURE CITED 

(r) Bbrkslby, M. J. 

1851. [a nbw oniok disbasb.] In Card. Chron., 1851, no. 38, p. 595, s fig. 

(а) Bernard, NoSl. 

1911. SUR LA FONcnoN PUNGiciDB DBS bulbbs D’oPHRYDdBS. In Ann. 8d. 
Nat. Bot., ser. 9, t. 14, p. 331-334, 3 fig. 

(3) Combs, Orazio. 

1913. D8LLA RBSISTBNZA DBI FRUUBim ALLB RUGGINI STATO ATTUALS DBLLA 

QUiSTiONB B PROVvBDDfBNTi. In Atti. R. Ist. IncoiTag. Napoli, 
ser. 6, V. 64, p. 419-441. Letteratura e note, p. 437-440. 

(4) - 

1914. DBLLA RBSISTBNZA DBI PRimBNTI ALLB RVGOINI, BD IN GENERALS 

DBLLB PiANTS ALLS LORO CAUSE NBuiCHS. In Ann. R. Scuola. Sup. 
Am. Portici, ser. 3, v. la, p. 419-473. Bibliographical footnotes. 

(5) Cook, Melville Thurston, and Wilson, Guy West. 

X915. THE INPLUBNCS OP THE TANNIN CONTBNT OP THS HOST PLANT ON BNDO- 
THIA PARASITICA AND RBLATBD SPSaSS. In Bot. Oaz., V. 6o, p. 
346-361. 

(б) FrommB, F. D., and Wingard, S. A. 

1931. vAmatAs, suscBPTiBiLiTT OP BEANS TO RUST. In JouT. AgT. Research, 
V. 31 , p. 385-404, pi. 69-73. Literature cited, p. 404. 

(7} OiLDBHSiSTBR, Eduard, and Hoppmann, Friedrich. 

1913. ms voLATiLB OILS. Ed. 3. Translation by Edward Kretnets. v. i. 
677P‘>74%- New York. Bibliographic^ footnotes. 

(8 ) Halstbd, Byron D. 

1891. RSPORT OP THB BOTANICAL OBPARTHBNT. In N. J. AgT. Exp. Sta. 
nth Ann. Itot., 1890, p. 3 a 3 - 4 S 3 . 6 fig-. *4 pl- 

(9) Hawkins, L. A., and Harvsy, Rodney B. 

1919. PHYSIOLOGICAL STUDY OP THS PARASITISM OP PYTHIUM DBBARYANOM 
HBSSS ON THB POTATO TuBSR. In JouT. AgT. Research, v. <18, p. 
375-^, a fig., pi. 35-37. Literature cited, p. 395-397. 

(10) JoNBS, L. R., Giddinos, N. J., and Lutman, B. F. 

191a. mVBSnOATlONS OP THB POTATO PUNOUS PHYTOPHTHORA INPSSTANS. 

U. S. Dept. Ag^. Bur. Plant Indus. Bui. 345, 100 p., 10 fig., xo ffi. 
(partly col.) Literatuie, p. 8S-93. 




June 93, S 9^3 


Disease Resistance to Onion Smudge 


1039 


(ii) KoopBr, W. D. 

1910. UNTBRSUCHUNGSN ObBR DIB SCHWBRBI^ALWGBN VBRBINDUNGBN IN 
ALtiuH CBPA. In Ztschr. Untersuch. Nahr. u. Genussmtl., Bd. 19, 
p. s 69“S7I' Bibliographical footnotes. 

(u) Pastbur, i. 

1858. HBHOIRB SUR LA FBRHBNTATION APPBL^B LACTIQUB. In Ann. Chim. 
et Phys., ser. 3, t. 52, p. 404-418. 

(13) PBrkin, Arthur George, and Bvbrbst, Arthur Ernest. 

1918. TBB NATURAL ORGANIC COLOURING HATTBRS. xxii, 655 p. Ixmdon. 
Books referred to in this volume, p. xxi-xxii. 

(14) -and Humhbl, John James. 

1896. OCCURRBNCB OR QUBRCBTIN IN THB OUTBR SKINS OR THB BULB OR THB 
ONION (allium cbpa). In Jour. Chem. Soc. [Loudon] Trans., v. 
69, p. 1295-1298. 

(15) Rbmington, Joseph P., and Wood, Horatio C. 

1918. THB DISPBNSATORY OP THB UNITBD STATBS OR AMSRICA. Ed. 20. Cxxii, 
2010 p. Philadelphia and London. 

(16) Selby, A. D. 

1910. A BRIER HANDBOOK OR THE DISEASES OR CULTIVATED PLANTS IN OHIO. 

Ohio A^. Exp. Sta. Bui. 214, p. ^07-456, 106 fig. Literature of 
plant diseases referred to in this publication, p. i-vii. 

(17) SORAUBR, Paul. 

1903. UEBBR DIE prXdisposition der pplanzen fOr parasitXrb krank- 
HBiTEN. In Arb. Deut. Landw. Gesell., Heft 82, p. 193-210. 

(18) Thaxter, R. 

1890. report or mycologist. In Conn. Agr. Exp. Sta. Ann. Rpt., 1889, p. 
127-177, 3 pi. 

(19) Valleau, W. D. 

1915. varietal resistance or plums to BROWN-ROT. In JouT. Agr. Re¬ 

search, V. s, p. 365-396, pi. 37-39. Literature cited, p. 392-395. 

(20) Vavilov, N. I. 

1918. IMMUNITY OR plants TO INPECTIODS DISEASES. 239 p., illus., 5 pi. 

Moscow. In Russian. English resum6, p. 221-239. [Literature], 
p. 210-220. Cover-title has date 1919. Reprinted from Ann. Acad. 
Agron. Petrov. 1918, pub. 1919. 

(21) Voces, Ernst. 

1910. DIE bEkXmprung DBS FusiCLADiuM. In Ztschr. Pflanzenkrank., Bd. 
20, p. 385-393. 

(22) Wakbman,Nellie A. 

1919. pigments or rlowbring plants. In Trans. Wis. Acad. Sci., Arts and 

Letters, v. 19, p. 767-906. Bibliographical footnotes. 

(23) Walker, J. C. 

1918. NOTES ON THB RESISTANCE OR ONIONS TO ANTHRACNOSB. (Abstract.) 
In Phytopathology, v. 8, p. 70-71. 

(24) - 

1921. ONION SMUDGE. In JouT. Agr. Research, v. 20, p. 685-722, 10 fig., pi. 
80-85. Literature cited, p. 719-721. 

(25) Wheldale, Muriel. 

1916. THE ANTHOCYANIN PIGMENTS OR PLANTS. X, 318 p. Cambridge. 



PLATE I 


Varietal resistance to onion smudge. 

White, yellow, and red onions grown in the same held of smudge-infested soil and 
gathered shortly before harvest. In the case of the white (susceptible) variety the 
fungus has already developed abundantly* on the outer scale of bulb and neck. In 
the red and the yellow (resistant) varieties, the colored outer scales have remained 
free from the disease; infection has occurred only at the neck, where little or no pig¬ 
ment developed. 

(1040) 
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PLATE f 


Relation of volatile oil and scale pigment to the onion smudge organism. 

A. —Relation of outer colored scale to infection: Two bulbs of Yellow Globe (re¬ 
sistant) variety inoculated by placing drops of spore suspension, in onion decoction, 
at points indicated by black circles. 

Left: Inoculations made on dry, highly pigmented outer scale; no infection resulted. 

Right: The thin, dry, outer pigmented scales were removed from this bulb and the 
inoculations were made on the first fleshy scale, which contained relatively little 
pigment; scale infection resulted in a majority of cases. 

B. —Effect of volatile oil upon spore germination: Petri dish cultures prepared by 
pouring melted potato agar in which spores of the smudge organism were suspended. 
Plate at left exposed to volatile oil of onion ^ being inverted over a small amount 
of expressed onion juice for several days, llie spores were all killed except those 
around the outer eclge of the plate. As the juice deteriorated due to bacterial con¬ 
tamination, growth progressed inward from the unaffected area. Plate at right 
untreated; normal germination and growtii occurred thoroughout. 



PLATE3 

Effect of cold water extract from dry outer onion scales upon spore germination 
of Colletotrichum circinans, 

A. —Photomicrograph of spores about 17 hours after being placed in an extract 
from the yellow scales. Note the masses of naked cytoplasm which have* exuded 
from the spores after the tip of the young germ tubes have ruptured. Compare with 

S. 

B. —^Photomicrograph of spores about 17 hours after being placed in an extract from 
white scales. Note the normal germ tubes and appressoria. Compare with A. See 
also %ure x and further explanation in the text. 
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PLATE 4 

Correlation of pigment with onion smudge infection and with the occurrence of the 
toxic entity. 

A. —Portion of outer scale removed at harvest time from a red onion set similar to 
that shown in Plate 2. (Enlarged X 3 ) Note that heavy smudge infection occurred 
at the neck above the point where pigment developed, while below that point the 
scale remained free from the disease. The scale tissue in the respective portions 
was tested for the presence of the toxic entity. Results of spore germination tests 
are shown in B and C. 

B. —Normal germination resulting when bits of uncolored portion of scale from h 
in A were added to a drop of distilled water in which spores were suspended. 

C. —Abnormal spore j2;ermination similar to that shown in figure i, resulting when 
bits of the colored portion (r) of the same scale were placed in another drop of spore 
suspension. Note “rupturing” of germ tubes or production of short tubes of abnor¬ 
mally large diameter. 




THE EFFECT OF RESPIRATION UPON THE PROTEIN 
PERCENTAGE OF WHEAT, OATS, AND BARLEY* 

By F. W. McGinnis, Assistant Professor of Farm Crops, Division of Agronomy and 

Farm Management, and G. S. Taylor, Analyst, Division of Chemistry, Department 

of AgrictUtnre, University of Minnesota 

INTRODUCTION 

Scientific literature contains considerable information dealing with 
the protein content of small grains. In a review of the available informa¬ 
tion bearing upon this subject, which has accumulated during the past 
century, one chief point of interest seems to be the variation in protein 
percentage found in the different grains when produced under different 
conditions of soil and climate. 

Much study and investigational work has been conducted to ascertain 
the cause of the variation found in this regard, especially with wheat. 
Wheat has been the subject of greatest study, because of the interest of 
those engaged in the manufacture of wheat products, where the chemistry 
of the grain is of paramount importance in determining the quality of 
the output. 

The reason why grain produced under a given environment will 5 deld 
a berry entirely different in chemical structure from that produced under 
a condition of a different natme, has been a subject of much study with 
the grain chemist as well as with those engaged in physiological inves¬ 
tigations. 

It seems to be the generally accepted idea at the present time that 
the percentage of protein in wheat is due to a certain environmental 
condition which prevails during the growth and maturity of the grain. 
Upon analysis of the grain, grown under widely different environmental 
conditions, this is generally found to be true. It is common knowledge 
that wheats grown in the north central section of the United States are 
of a higher protein percentage and milling value than those giown in the 
eastern or far western sections. There is no doubt that the varieties 
being grown for the highest total yield in these respective areas, account, 
to a certain degree, for the difference in protein percentage in the grain. 
But when consideration is confined within a variety, the variation is 
found to be very wide. 

Some investigators have attributed the difference to the available 
nitrogen in the soil, others to varietal differences, while most students 
of the subject have recognized it to be a physicochemical phenomenon 
correlated more directly with tlie climatic conditions which prevail during 
the life processes. In general, the protein percentage has been found 
to be dependent somewhat upon the length of the growing season and 
to a greater degree upon the length of the ripening period. As these two 
factors are dependent largely upon the amount of available moisture in 
the soil, the strongest correlation has been found between the amount of 
rainfall, its distribution, and the protein percentage.* 


^ Accepted for pubUcatiou Feb. ao, 19^3. Published with the approval of the Director as paper 397 of the 
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That the external environmental conditions are responsible largely 
for the protein percentage found in the grain has been noted from the 
earliest observations. A realization, however, of the manner in which 
the contents of the grain are influenced by the capricious nature of ex¬ 
ternal conditions and the physiological complexities which may arise 
during the life of the plant, is of more recent discovery. In order to 
understand fully how an environmental condition may affect a variation 
in the chemistry of the grain, it is necessary to follow out, from the earliest 
stages, the development of a kernel and the processes through which it 
reaches maturity. 

Early investigational work along this line consisted of chemical 
analyses of the grain being made shortly after the time of flowering or 
when the mold of the grain was first formed, and continuing progressively 
at short intervals until the grmn was mature. The nitrogen percentage 
was found to be highest as the kernel mold was formed and became 
decreasingly less as the grain filled and approached maturity. These 
observations led investigators to assume that most, or practically all, 
of the nitrogenous material was taken from the soil and moved into the 
grain during the earlier stages of growth, and that the filling of the 
endosperm with starch or carbohydrate material was carried out in the 
later stages of growth. Thus, it was concluded that the percentage of 
protein would be influenced directly by the amount of carbohydrate pro¬ 
duced and translocated during the filling stage. As the environmental 
conditions in most of the grain sections are favorable to maximum growth 
during the early stage of development, and very often too severe to per¬ 
mit later grow^ to proceed or the grain to be filled, this was the natural 
conclusion to be drawn. 

More recent work by Brenchley (2)* of the Rothamsted Experiment 
Station, Thatcher (5, 6 ), of the Minnesota Agricultural Experiment Station, 
and others, has teought out some slightly different ideas on the subject. 
Ihese investigators have shown that the greater amount of nitrogenous 
material of the wheat or barley kernel is not taken up during the early 
stage of growth, but that the nitrogen inflow is continuous until the grain 
has reached maturity. According to Brenchley the nitro-carbohydrate 
movement into the grain is in constant ratio during the entire period of 
kernel development. It has been suggested that the variation in protein 
content is not due to the failure of tte plant to produce and translocate 
carbohydrate material at the later stages of growth, but that the per¬ 
centage of nitrogen found in the kernel is determined by the amount of 
carbohydrate lost by respiration during the desiccation process through¬ 
out the ripening period. 

The difference of opinion as to which process is most effective in deter¬ 
mining the character of the grmn contents suggested the necessity of 
obtaining definite data to verify the later idea, whidi appears from avail¬ 
able information to be an unwarranted conclusion. The authors have con¬ 
ducted a lanject through the years 1920 and 1921 to determine the 
variation in protein in wheat, oats, and barley, as affected by respiration, 
and to show the relative variation in protein when the same grains are 
grown under widely different conditions. 


* Reference is made by number (italic) tq ^%iterature cited/' p. X04B. 
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PLAN OF EXPERIMENT 

Marquis wheat, Improved Ligowa oats, and Manchuria barley were 
grown in 17 localities in the United States during the years 1920 and 
1921. The grains were grown at experiment stations and substations in 
eight States which represent extremes, so far as the quality of grain pro¬ 
duced is concerned. The seed was sent to each station from University 
Farm, St. Paul, Minn., each year, so that the seed planted would be iden¬ 
tical. Plantings were made at the regular planting time in the spring 
and harvested when the grain was mature. Samples of tlie crop in each 
instance were sent to University Farm, where nitrogen determinations 
were made for total protein. 

During the summer of 1921, respiration studies were made upon these 
grains during the ripening or desiccation period at University Farm, to 
ascertain the amount of material lost during this time. The studies were 
started when the grains reached the dough stage, before the desiccation 
process of maturity had begun, and continued until complete maturity. 

Each morning at 8 a. m. samples of head material of each of the grains 
were collected, placed in an air-tight container, and taken to the labor¬ 
atory. Twenty-five grain samples were picked from the spike by hand 
and immediately placed in a respirometer. The grains were subjected for 
2 hours to a temperature of 30° C., after which the carbon dioxid respired 
was swept through the modified Truog absorption tower and collected 
in saturated barium hydroxid solution. The carbon dioxid evolved in 
tliis time w’as calculated in milligrams by titration with N/io hydrochloric 
acid and computed into carbon dioxid lost per 100 gm. of dry matter in 
24 hours. 

Table I shows the results of this w'ork. It should represent the maxi¬ 
mum loss by respiration which could be expected under field conditions. 
A constant temperature of 30° C. would average the high rate of respiration 
during the heat of tlie day and the lower rate during the cool night time. 

Table I shows tlie amount of carbon dioxid produced and the actual 
amount of carbohydrate material lost from the grain, per 100 gm. of 
dry matter, in the process of respiration throughout the 16-day ripening 
period. The amount of carbohydrate material lost was calculated from 
the data showing the carbon dioxid evolved. The evolution and estima¬ 
tion of carbon dioxid is probably the most accurate method of determin¬ 
ing the loss in w^eight due to oxidation, and is intended to account for the 
entire collective activities of respiration. While the process of respira¬ 
tion is a complex one, and it is impossible to account for the exact changes 
which take place, the carbohydrate material lost can be very closely 
estimated by assuming the process in general to be oxidation of sugars 
and starch. 

Hie oxidation process results in the formation of carbon dioxid and 
water according to the empirical formula, CjHjoOj + Ou—»6C02 -f- sHjO. 
One part of carbohydrate with a molecular weight of 162 when oxidized 
by free oxygen, results in the formation of 6 molecules of carbon dioxid 
with an equivalent weight of 264. From these figures it wrill be seen 
that the formation of 100 gm. of carbon dipxid will require 61.36 
gm. of carbohydrate material. Thus, the amount of carbohydrate lost 
is calculated as 61.36 per cent of the carbon dioxid evolved. For 
wheat this pves a loss of 10.038 gm.; oats, 11.092 gm.; and barley, 15.12 
gm. of cartohydrate per 100 gm. of dry matter in 16 days, as indicated 
in Table I. 
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Tabls I.—Carbon dioxid evolved, and carbohydrate material lost by respiration, from 
wheat, oats, and barley, through a i 6 -day ripening period 
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It was the intention to show the relative variation between wheat, 
a naked grain, and oats and barley, to which the glumes adhere, in the 
amount of material lost. As oats and barley are apparently less variable 
in their protein percentage than wheat,^ it was thought that the 
adhering glumes might be influential in inhibiting respiration and con¬ 
sequently account for this lesser fluctuation. This demonstration was 
made impossible through inability to obtain samples of uniform mois¬ 
ture content, which, no doubt, is largely responsible for the wide dif¬ 
ference in the results. 

EFFECT OF RESPIRATION UPON PROTEIN PERCENTAGES 

The result of the loss of carbohydrate material as affecting a variation 
in the protein percentage can be ascertained by estimating the per¬ 
centage of the grain which is subjected to respiration activities. The 
composition of the average grain is approximately 12.50 per cent protein, 
2.50 per cent ash, and 85 per cent carbohydrate. Respiration being 
confined to the carbohydrate portion of the grain, it would require 
approximately 7 per cent variation in this material to effect a i per 
cent difference in the protein percentage. As the number of grams of 
carbohydrate loss, in this case, is based upon the 100 gm. dry basis, these 
same figures represent the loss in percentage. The protein will vary i 
per cent for each 7 per cent loss or gain in carbohydrate. 

Calculating from the amount of carbohydrate material lost as given 
in Table I, it becomes apparent that there is a possible variation in wheat 
of 1.46 per cent, oats 1.62 per cent, and barley 2.2 per cent protein, due 
to respiration. 

While these figures seem upon first thought to be definitely significant, 
it is not probable that respiration creates a variation in the protein 
content as wide as the above possibilities suggest. As indicated, con¬ 
siderable carbohydrate is lost during the ripening period, but fresh 
material is no doubt being moved into the grain until complete 
maturity, which is sufficient at least to counterbalance that which is 
lost. It must be recognized, however, that the amount of material 
being moved into the grain will be a variable factor and dependent 
largely upon the environmental conditions which prevail at that time. 
Brenchley (r) has shown that in the development of the barley grain 
the maximum dry weight of 1,000 gm. is reached when the moistme 
content is approximately 40 per cent, and that this dry weight remains 
practically constant and does not fall off during the desiccation process, 
while the moisture content is being lowered to 21 per cent. The fact 
that the weight of dry matter is not lowered indicates that up to the 
time of maturity considerable material is being moved into the grain to 
compensate for that lost by respiration. 

More confirination of this supposition is presented by Harlan (j) in 
his study of the development of tlie barley grain, where he has shown 
that deposits of dry matter in the kernel continue until very near the 
point of absolute ripeness. He concludes (4) from irrigation studies 
that plants are able to utilize water to the date of full maturity, with 
much increase in dry matter content. 


< McGzMN«S8» F. W. op. CIT. 
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The fact that the movement into the grain is continuous while respira¬ 
tion activities are in operation makes it impossible to determine the 
exact effect of respiration upon the variation in protein percentage. 
Assuming that the possible variation in protein is as great as mentioned 
above, namely, 1.46 per cent in wheat, 1.62 per cent in oats, and 2.20 
per cent in barley, this would not be sufficient to account for the wide 
variation in the percentage as found in grain when produced in different 
localities, as given in Table II. 

Upon analysis of Table II, a very wide variation in protein per¬ 
centage is found for the grains grown in different localities and also 
for different years when grown in the same locality. In the year 1921 
wheat grown in tlie hard spring wheat section at Fargo, N. Dak., yielded 
i6.ro per cent protein, while the same variety at Puyallup, Wash., shows 
9.98 per cent. Another extreme variation may be seen by examination 
of the results at Havre, Mont., showing a protein content of 18.24 per cent, 
and Waterville, Wash., 9.19 per cent in the year 1920. In the former 
case there is a variation of 6.12 per cent in this regard, and 9.05 per cent 
in the latter. It would not be possible to attribute tliese differences to 
the respiratory process alone, as the above results show a 1.46 per cent 
variation in the protein which can be due to this phenomenon. 

The data for oats indicate a much greater uniformity in this respect 
than is found in wheat. While this uniformity is especially pronounced 
throughout the year 1920 for the different areas, there are several cases 
in 1921 which vary considerably. The oats produced at Moccasin, Mont., 
Moro, Oreg., and Umatilla, Oreg., have a protein content which will aver¬ 
age 14.12 per cent. Those grown at Waterville and Puyallup, Wash., 
and Corvallis, Oreg., average approximately 11.32 per cent. The spread 
in oats is not so great as in wheat, but tliis fluctuation of 2.80 per cent 
is much greater than that caused by the effect of respiration. 

While the loss of carbohydrate material from the barley grain is much 
greater than that from wheat or oats, owing probably to the higher 
moisture content, it is not sufficient to account for tlie protein variation 
where the grain is grown under different conditions. Barley grown at 
Fargo, N. Dak., in 1920, pelds 16.06 per cent protein, while that pro¬ 
duced at Corvallis, Oreg., yields only ii.ii per cent. This is a differ¬ 
ence of 4.95 per cent, which is more than twice the difference which 
could be due to respiration. In 1920, 14.50 per cent barley was pro¬ 
duced at Havre, Mont., and Logan, Utah, yields 11.ii per cent. Here, 
again, is a spread of 3.39 per cent in the protein content, or 54 per cent 
greater than that attributed to respiration. 

In a number of the analyses of each of the grains, the differences in 
protein percentage falls within the respiration possibility. These smaller 
ffifferences may or may not be due to respiration, depending largely 
upon the environmental conditions under which the grain is matured. 
It is quite possible that respiration is effective to a degree in shaping the 
percentage composition of the grains when grown in the areas as indicated 
in Table II, but it is also possible that respiration plajrs a rather unim¬ 
portant r 61 e in this regard when the synthetic process whi<i goes forward 
throughout the period of desiccation is taken into account. 

The exact influence of respiration upon the protein percentage com¬ 
position of the grain is yet to be determined, but there is no foundation 
for the general sweeping statement that the variation in composition 
is dependent upon the respiratoiy process. 
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Table II.— Physical and chemical composition of wheats oats, and barley grown in 

16 different localities in ig20-2l 


Crop and locality. 


Wheat: 

Original seed. 

Havre, Mont. 

Moccasin, Mont.... 

Fargo, N. Dak. 

Morris, Minn. 

St. Paul, Minn. 

Duluth, Minn. 

Grand Rapids, Minn 
North Platte, Nebr., 

Lincoln, Nebr. 

Garden City, Kans.. 

Moro, Oreg . 

Umatilla, .Oreg .... 
Waterville, W^h... 

Puyallup, Wash. 

Corvallis, Oreg. 

Logan, Utah. 

Barley: 

Original seed. 

Havre, Mont. 

Moccasin, Mont .... 
Fargo, N. Dak. . . 

Morris, Minn. 

St. Paul, Minn. 

Duluth, Minn. 

Grand Rapids, Minn 
North Platte, Nebr.. 

Lincoln, Nebr. 

Garden City, Kans.. 

Moro, Oreg. 

Umatilla. "Oreg. 

Waterville, Wash... 
Puyallup, Wash,. .. 

Corvallis, Oreg. 

Logan, Utah.... 


Oats: 

Original seed. 

Havre, Mont. 

Moccasin, Mont. 

Fargo, N. Dak. 

Morris, Minn. 

St. Paul, Minn. 

Duluth, Minn. 

Grand Rapids, Minn 
North Platte, Nebr.. 

Lincoln, Nebr. 

Garden City, Kans.. 

Moro, Oreg. 

Umatilla, Oreg. 

Waterville, Wa^... 

Puyallup, Wa^. 

Corvallis, Oreg. 

Logan, Utah. 


Weight 1.000 grains. 

Corneous. 

Protein. 

1920 

1921 

1920'^ 

1931 

1920 

1921 

Gm. 

Gm, 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

34.20 

34.90 

38 

80 

12 .80 

12.57 

19.60 

29-75 

100. 

100 

18.24 

18.91 

25-85 

25.00 

100 

95 

15-85 

16.00 

28.90 

22.50 

100 

100 

12-34 

16.10 

18.25 

24.05 

100 

100 

14.68 

15.01 

24.00 

25.80 

92 

91 

13-42 

16.46 

28.75 

21.50 

67 

100 

13.80 

11. y 6 

27.80 

17.80 

100 

100 

12.43 

17.79 

20.00 

22.70 

100 

100 

14-55 

15.01 

25.00 

20.60 

100 

94 

12.81 

14.52 

22.10 

19-30 

98 

100 

15-24 

15.10 

26.10 

23-95 

100 

100 

16.82 

15-88 

24-25 

18.60 

100 

100 

15-57 

18.52 

30-35 

33-85 

0 

98 

17.10 

15-65 

38.80 

38.55 

22.5 

23.0 

9.19 

9-98 

33-08 

34-17 

75-0 

81,0 

12.40 

10.47 

30.24 

34-60 

100 

100 

14.22 

14-97 

34-45 

36.70 


. 

12.46 

12.48 

19.00 

31-35 



14-50 

II.21 

24.65 

33-10 



14.01 

13-81 

36-05 

22.22 



12.66 

16.06 

25.10 

33-70 



11.08 

13-13 

28.22 

24.70 



11.06 

13.01 

32.16 

40.15 



14.00 

11.08 

33-75 

27-15 



11.92 

12.42 

25-75 

28.15 



12.44 

13 03 

24-15 

31-05 



11.83 

12.33 

22.12 

23-52 



' 12.12 

12.41 

17-50 

1 28.40 



i 13-05 

i 10.88 

27.79 

1 16.75 



12.62 

i 13-71 

36.11 

j 36.00 



' 14-34 

! 13-80 

33-75 

37-45 



; 10.70 

1 11.88 

33-25 

38.7s 



II. 14 

1 II.II 

37.60 

33-45 

1 i 

1 



1 II.II 

12.11 

1 



Hull. 

i 


26,20 

2Q.9O 

29.70 

27-32 

1 11.90 

! 11-77 

24.60 

28.55 

25.22 

28.63 

1 13-82 

1 13-29 

26.45 

23-*5 

25.00 

25.76 

13-67 

{ 14.20 

30.36 

30.00 

23.12 

26.12 

II. II 

j 12.40 

27-75 

28.5s 

26.12 

27.30 

13-47 

11-39 

25-40 

21-45 1 

26.70 

32,29 

11.96 

12.23 

30.30 

22.70 1 

28.74 

28.20 

11-35 

12.22 

30.13 

28.70 1 

24.87 

30.01 

12.52 

12.10 

27.05 

19.00 1 

28.03 

22.00 

12.25 

12.26 


21.00 

25-56 

21.00 

11.78 

1 13-94 

28.80 

21.40 

28.40 

24.60 

11.36 

12.15 

24.65 

27.30 

29.36 

30.02 

13.69 

14.05 

26.65 

28.10 

34-21 

25.90 

12.21 

14.23 

27.60 

31.80 

27.64 

30.66 

12.25 

11.31 

32.10 

33-20 

25-78 

26.21 

II.10 

11.20 

29.80 

33-50 

27.04 

30.12 

11.22 

11-45 

28.95 

33 - 0 $ 

27.48 

23.82 

11-39 

1 

12.04 


4 
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SUMMARY 

(1) The loss of carbohydrate material during the ripening of the 
wheat, oats, and barley grains is considerable. The greater percentage 
of the loss occuring bef^e the process of desiccation begins while the 
grain contains above 40 per cent moisture. 

(2) The protein composition of wheat, oats, and barley is influenced 
to a marked degree by the loss of carbohydrate material during the 
ripening period. Factors other than respiration or in connection wi 3 i the 
process contribute largely to the formation of high protein grains. 

(3) Wheat is more variable in the protein percentage than barley 
or oats, and barley appears to be more variable than oats. 
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Jersey milk, butterfat analyses.367-379 

Joffe, Jacob, Waksman. S. A., Wark, C. H., 
and Starkey, R. L.; Oxidation of Sulphur 
by Microorganisms in Black Alkali Soils.. 397-305 
Johns, Carl O., Jones. D. B.. and Finlcs, A. J.: 
Nutritive Value of Mixture of Proteins from 

Corn and Various Concentrates.971-978 

Jones, D. Breese. Finks, A. J., and Johns. 

C. 0 .‘ Nutritive Value of Mixtures of Pro¬ 
teins from Corn and Various Concentrates. 971-978 

Jones, Edith Seymour: 

Influence of Temperature, Moisture, and 
Oxygen on Spore Germination of Ustilago 

avenae .S 77 ~S 97 

Influence of Temperature on the Spore Ger¬ 
mination of VstUxago zeae . 593~S<)7 

Relation of Certain ^il Factors to the In¬ 
fection of Oats by Loose Smut.569-575 

Juice, onion, relation to fungus of onion 

smudge. 1023-1034 

Kafir, nitrogen absorption, comparison with 

corn. 50-51 

Kanred wheat, characters, crossing with 

Marquis, rcsnlts . 457/458,459-467 

Kernel, wheat, injury by stripe rust, effect 

ott germinatiou .613-6x4 

Kernels, wheat, changes during development, 

factors affecting. 944-947 

Klaphaak, Peter J. and Braudes, E. W.: 
Cultivated and Wild Hosts of Sugar-Cane 

or Grass Mosaic.247-262 

KMa stmUis, mosaic transmission to plants 251-253 
Kota wheat, description and characters. 997, 

CMXk. XOOX. XOOC. 10X0 

rust resistance and weakness of straw. 457 

Kuekncola uredmts, injury to blackberries.... 885 

Korstian. C. P.: Control of Snow Molding in 

Coniferous Nurserv Stock. 741-748 

I..actation, period of, effect on fatty acids in 

butterfat. 379 

Lactic acid, presence in soils, effect on Azoto¬ 
bacter content . 296 

Larch. Siberian, transiflration studies. 120-145 

Lasiodiplodta trxfhrae, cause of gummosis of 

plum, note. 337 

Laurie acid, butterfat, analyses and notes.... 366. 

3 70 -' 379 * 386-396 

I«auritzen, J. L., and Harter, L. L.; Species 
of Rhizopus Responsible for the Decay of 
vSweet Potatoes in the Storage House, etc. 441-456 
I.ead— 

arsenate, composition, preparation, and tise 

as insecticide .504-506/5X4/5X9/520 

arsenates— 

effect of soap.87-95 

formulas and kinds. 88-^ 

Leaf roll, potato, relation to phloem necrosis. 243-245 
spot- 

oats, cause, description, and control 663-667 
rice, cause, description, and con¬ 
trol . 643,724-728 

Leavm, apple, effects of arsenical spraying for 

different varieties. 5x6 

Legume, inoculation cultures, relation to beau 

wilt, study . 749-752 

Lemon, seedling, growing in solutions of so¬ 
dium and calcium, experiments. 753-757 

I,emons, susceptibility to citrus scab, notes. 955-958 
I^eonard, Lewis T.: Influence of Moisture on 

Bean Wilt. 749 

Levine, M. N.: A StaUstical Study of the 
Comparative Morphology of Biologic Forms 

of Pucemia graminis . 539-568 

Levine, M. N., Stakman, E. C., and Bailey, 

D. L.: Bioloric forms of Pucemia graminis ^ 

on varieties of Avtna spp. zoi3-xox8 

Light, effect on Pusarium cultures. 350/352 
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injury from amical sprays. 53* 

addition to arsenical sprays, effects. 5a6 

effect on reaction of soils.93x«933>936 

requirements of soils, determination meth¬ 
ods. 937 

sulphur, addition to arsenical sprays, effects sax, 
J 524 - 535.535 

London purple, preparation, and use as in¬ 
secticide. 506 

Macrocentrus crambivorus, parasite of striped 

sod webworm. 413 

Magnesium carbonate, presence in soils, effect 

on Azotobacter content.393-394 

Maize. See Corn. 

Mai di gomma, caused by PyUtophora terres* 

irta . 191.210-313 

Mandarin oranges and hybrids susceptibility 

to citrus scab, notes. 956.958 

Manganese— 

effect on plants in acid and neutral soils and 

necessity as plant nutrient. 781-794 

sulphate, concentrations, effect on plant 

growth, etc. 781-794 

Manure, effect on black alkali soil.335.336 

Marquis— 

Kota wheat cross, infection with stem rust. 

extxcriments. loox-ioio 

wheat, characters, crossing with Kanred, 

results. 457.458.459-467 

Massachusetts— 

description and characters. 997. 

999, loox, X005. xoio 
milk testing for butterfat composition... 393-396 
Maryland, sunflowers growing for silage, com¬ 
position studies.769.778,779 

McClintock, J. A.: Peach Rosette, an Infeo 

tious Mosaic.307-3x6 

McGinnis. F. W., and Taylor, O. S.: The 
Effect of Respiration upon the Protein 
P Percentage of Wheat, Oats, and Barley X041-Z048 
McHargue, J. S.: Effect of Different Concen¬ 
trations of Manganese Sulphate on the 
Growth of Plants in Acid and Neutral Soils, 
and the Necessity of Manganese as a Plant 

Nutrient. 781-794 

Meal, whole yellow corn, feeding experiments, 

results.971-973 

Media for Pusarium cultures.349-350.351-353 

Messer, Anne C., Holland. E. B., Garvey, 

M. E., Pierce. H. B.. Archibald, J. G . and 
Dunbar. C. O.: Determination of Fatty 

adds in Butter Fat.—II.365-398 

Method of Treating Maize Seed to Destroy 
Adherent Spores of Downy Mildew: Wil¬ 
liam H. Weston, jr. 853-860 

Mexico, dtrus gummosis. occurrence, . 193.194 

Microoganisms, black alkali soils, sulphur 

oxidation. 297-305 

Microscopic Estimation of Colloids in Soil 

Separates: William H. Fry.879-883 

Mildew, downy— 

destruction on corn seed, method.853-860 

oriental, danger of introduction.853-854 

Milk- 

addition to arsenical sprays, effects. 535 

Holstein cows and herds, fatty adds in 

butterfat.367-393 

insuffidency as food for adult animals.. .433-435 
of Jersey cows, determination of fatty adds 

in butterfat.367-379 

mixed herds, butterfat, determination of 

fatty adds. 365-367 

Millet- 

downy mildew, spread by oospores in seed.. 854 

susceptibility to mosaic disease. 360 

Minnesota— 

Experiment station, wheat breeding in¬ 
vestigations. 983 

peat soils, studies.486,490-497 

Mode of Inheritance of Resistance to Pucemia 
grammis with Relation to Seed Color in 
Crosses between Varieties of Durum Wheat: 

J, B. Harringtnn and O. S. Aamodt.,. 979-996 
Moisture- 

effect on spore germination of oats smut.... 580, 

585-588 

relation to bean wilt. 749-753 


Moisture—Continued Page 

soil— 

movement from small capillaries into 

large upon freezing.437-433 

relation to— 

Fusarium disease of cabbage seedlings. 55-86 

oats infection by loose smut... 572-575 

Molasses, waste, as energy source for Azoto¬ 
bacter, results. 370-373 

Molding, snow, control on coniferous nursery 

stock.741-748 

Montana potato los.ses caused by dry rot and 

Fusarium wilt. 339 

Morphology— 

and Host Relations of Pucciniasimm amen* 

canum: B. O Dodge.885-894 

sunflowers growing for silage, composition, 

studies. 769.778,779 

Moorland, effect on tile, studies.... 47 r- 473 ,499.500 
Morris. H. E., and Nutting, Grace B.: Identi¬ 
fication of Certain Spedes of Fusarium 
Isolated from Potato Tubers in Montana. 339-364 
Morris, H. E., Swingle, D. B., and Burke. 

E.: Injury to Foliage by Arsenical Spray 

Moistures.•.. 501-538 

Mosaic— 

cane, transmission by seeds. 360-361 

grass- 

hosts. wild and cultivated. 347-363 

transmission by insects, tests, and re¬ 
sults . 2Sr“»SS 

infectious disease of peaches, study—.. 307-3*6 
sugar-cane, hosts, wild and cultivated... 347-363 
tobacco, different types, transmission ex¬ 
periments. 349-350 

Moths, webworm, description and habits.. 404-405. 

4x8-420 

Movement of Soil Moisture from Small Capil¬ 
laries to the Large Capillaries of the Soil 
upon Freezing- Gwrgt John Bouyoucos. 437-43* 
Mucor racemoms, cause ot sweet potato rot at 

low temperatures. 448,456 

Mulch, injury to coniferous nursery stock in 

winter. 744-746 

Mummy pea, crossing with Gradus pea, in¬ 
heritance studies. 835-847 

Muskeg. 47* 

Myristic acid, butterfat, analyses and notes.. 366, 

370-379.386-396 

Necrosis, phloem, of Irish potato, occurrence 

and significance. 337-246 

Neidig, Ray E , and Snyder, Robert S.: 

Sweet Clover Investigations. 769-799 

Sunflower Investigations.769-780 

Netblotch, barley, cause, description, and 

control.643,656,663 

Nicotine, determination in tobacco and to¬ 
bacco extracts, improved method.961-970 

Nitrates— 

precipitation direct, method, use on tobacco 

extracts. 967,^,970 

Effect on plant growth in btkek alkali 

soil.330-332.335 

efficiency as nutrients for rice.633-634 

relation to rice chlorosis. 635-6x9.633-635 

Nitric add, effect on plant growth.330-332 

Nitrogen- 

content of wheat factors affecting. 94*-944 

studies, historical review. 939-94* 

distribution in wheat and changes during 

development. 944-950 

fixation— 

by Azotobacter cultures, tests. 267-273 

experiments, use of calcium carbonate. X85-X90 
media used by different investigators.. X85-X88 
fixing— 

effect of reaction of soil. 907-938 

in soil, relation to Azotobacter flora ... 033-93$ 
forms, elfidency as rice fertilizers, compari¬ 
son. 633-637, 

growth and fixation by Azotobacter, in¬ 
fluence of hydrogen-ion ooncentratioa. 759-767 
translocatton m wheat, effect of water... 947-948 
Nodule fonnation in beans, relation to bean 

wilt, experiments. 749-75* 

Notkokus kmaiHS, See Velvet grass. 

Nursery stock, coniferous, snow molding con¬ 
trol... 741-748 

Nutrition of Plants Considered as an Ele<> 
trical Phenomenon: James F. Breazeale... 41-54 
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NutriticMi— 

plant, relation to electricity. 4 i “54 

value of mixtures of proteins from corn and 

various concentrates.971-978 

Nutritive Value of Mixtures of Proteins from 
Corn and Various Concentrates: D. Brecse 
Jones, A. J. Finks, and Carl O. Johns. . 971-978 
Nutritive Value of the Georgia Velvet Bean 
{StitUahvum deeringianum ) . J W. Read and 

Barnett Sure.433-440 

Nutting, Grace B., wd Morris, H. K • Identi¬ 
fication of Certaln^pecies of Fusarium Iso¬ 
lated from Potato Tubers in Montana.... 339-364 
Oats— ^ 

breeding for rust resistance .1016-1017 

composition of crops grown in different lo¬ 
calities . 1047 

growth, temperature range . S7i-*;72.S75 

Ieafs(x>t, cause, description, and control,. 663-667 
loose smut- 

infection, relation to soil factors . ., 569-573 

stxire germination, influence of temi>era- 

ture, moisture, and oxygen.577-597 

protein percentage, effect of respiration 1041-1048 
stem ru.st— 

biologic forms on varieties. 1013-1018 

study of biologic form. 539-568 

Occurrence and Significance of Phloem Nec¬ 
rosis in the Irish Potato: Ernst F. Art- 

schwcTger. 237-246 

Oil, onion— 

eff^t on growth of Colletoirichum cir - 

cinans .1024-1025 

relation to onion smudge. 1023-1027 

Oils- 

apple, relation to internal browning of 

apples.174-181 

cow rations, effect on fatty acids in butter- 

fat. 380-392 

Oleic acid, butterfat. analyses and notes — 366, 

3 70 \m, 386-396 

Olson, George A.; A Study of Factors Affect¬ 
ing the Nitrogen Content of Wheat and of 
the Changes that Occur during the Devel¬ 


opment of Wheat. 939-953 

Onion— 

bulbs, inoculation with Colletoirichum cir ~ 

cinans , results.1020-1022 

disease resistance, relation of scale pig¬ 
ments . . .... 1027-1033 

oil, relation to onion smudge.1023-1027 

sap acidity, relation to smudge . . 1033-1036 
smudge- 

resistance, by varieties.1019-1040 

testing for susceptibility to .. . 1021,1022 

varietal resistance to. 1019-1040 

On the Use of Calcium Carbonate in Nitrogen 
Fixation Experiments' P. L. Gainey . 185-190 
Oospora lactt $ parasitica , morphology, effects, 
distribution, and control.8^5-906 


Orange— 

leaves, shoots, roots, and trunks, dry weight 

and analyses.807-810 

rust, raspberry injury.885-894 

seedlings, growing in solutions of sodium 

and calcium. 7 S 5 

trees— 
growing in- 

sand, growth and composition. 

studies.801-813 

soil cultures, growth and comtKisitioii, 

studies.801-813 

susceptibility to citrus scab, notes.955-958 

Orchards, temperature, relation to internal 

browning of apples. x 71-174 

Oxidation of Sulphur by Microorganisms in 
Black Alkali Soils: Selman A. Waksman, 

Clara H. Wark, Jacob Joffe, and Robert L. 

Starkey.297-306 

Oxygen, effect on spore germination of oats 

smut. 588-589 

Palmitic acid, butterfat, analyses and notes.. 366, 

37 ^ 379 »? 8^396 

Paris green, preparation and use as insecti¬ 
cide. 503 * 5 X>> 5 X 9 

Parasites, striped sod web worm.4zx-4xa 

Parasitic action of fungi, literature cited... 877-878' 


Page 

Paspalum spp., iniury by Helminthosporium 

mtcropus .643,720-722 

Peach Rosette, an Infectious Mosaic J A. 

McClintock.307-316 

Peadi— 

rosette, infectious mosaic. 307-316 

trees, budding with rosetted plum and 

almond buds, results.307,311,3x3 

Peanut— 

meal with corn, feeding experiments. 974-975,976 
oil in cow feed, effect on acids in butterfat, 
notes.381-392 


breeding experiments in studies of *‘Rogue'’ 

type.815-852 

garden, rogue types, inheritance studies.. 815-852 
growing in soils with and without manga* 

nese, experiments. 789,790,791 

Peat- 

acidity, laboratory studies.485-487 

soils, studies in relation to failure of concrete 

draintile.474-497 

Pectin, media, effect on pectinase produc¬ 
tion . 867,868,875*876 

Pectinase proiluction, relation to— 

acidity of substrate.861-878 

hydrogen-ion concentration of substrate . 861-878 
Peltier, G. L.. and Frcderich, W J.: Rela¬ 
tive Susceptibility of Citrus Fruits and 
Hybrids to Cladosportum citrt Massee.... 955-959 

Penicilltum roseum, cause of gummosis. 215, 

221-222,232 

Pfeffer*s solution, use in pectinase studies, 

formula.862-865 

Phloem necrosis of potato, occurrence and 

significance.237-246 

Phorocera clanpenms, parasite of striped sod 

web worm.^. 411-412 

Phosphorus, absorfrtion by growing wheat . 950 

Physiological Requirements of Rocky Moun¬ 
tain Trees- Carlos G. Bates.97-164 

Physiology, forest trees, studies. 105-163 

Phytophthora — 

parastitca, identical with P. Urr drta . 211 

ierreslrta, cause of mal di gomma, relation 

citrophthora .191,210-213,231 

Pierce, H. B., Holland, E B.. Garvey, M. K., 
Messer, A. C., Archibald, J G., and Dun¬ 
bar, C O : Determination of Fatty Acids 

in Butterfat—II . .. .365-398 

Pigments, onion scale, relation to disease 

resistance. 1027-1033 

Pinckney, R. M.: Action of Soap mxin Lead 

Arsenates.87-95 

Pine— 

bristlecone, physiological studies. 106-145.159-160 

limber, physiological studies. 106-145,155-160 

lodgepiilt*— 

physiological studies. 106-160 

seed germination and growth habits, 

notes.157-159 

Scotch, transpiration tests.120-145 

Western yellow, physiological studies. .. 106-160 

yellow, seed germination and growth 

habits, notes. 157-159 

Pirscli, Gregor B : Studies on the Temtx.*ra- 
ture of Individual Inseits, with Siiecial 

Reference to the Honey Bee. 275-288 

Puummffvum, inheritance studies, in relation 

to rogue types.815-852 

Pittman, D. W.. et al.; Toxicity and Antag¬ 
onism of Various Alkali Salts in the Soil. 317-338 
Plant- 

growth, effect of manganese in the soil, in¬ 
vestigations. 78':*-783 

nutrient, manganese necessity, investiga¬ 
tions. 781-794 

Plants— 

ability to feed in competition with other 

plants.S0-5X 

acid and neutral soils, effect of manganese. 781-794 

food movement in soil. 52-53 

inoculation with cane mosaic, experiments, 

results. 248-255 

nutrition, relation to electricity.41-54 

stunted, immunity to mosaic disease, note. 25 7 

susceptibility to arsenical poisoning from 
sprays, differences. 5x1-514 
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Plum^ Pace 

MaristtfUitaimuiiity to peach rosette. 307,3x1,3x5 
trees, budding with rosetted peach buds, 

results.308,309^3x4 

wilt, relation to gum formation, notes.a a 7,339 

Pollen, in upper air, distribution studies... 6oo-6oa 
Poncirus trifoliata, susceptibility to citrus 

scab, notes,...958^59 

Porte, W. S., and Pritdiard, Fred J.: Watery- 

Rot of Tomato Fruits.895-906 

Potato decoction, testing for pectinase pro¬ 
duction. 864-865,870 

Potassium salts, effect on plant growth in 

presence of other salts... 397 ~ 33 X 

Potato- 

environment, effect on phloem necrosis.. 340-341 

leaf roll, relation to phloem necrosis:. 343-^45 

phloem necrosisr— 

after external infury. 341-343 

occurrence and significance. 337-346 

stem streak, relation to phloem necrosis.. 343 

tubers, Fusarium species identification.. 339-3^ 

Prairies, soils and vegetation, studies. 104,164 

Pritchard, Fred J., and Porte, W. S.: Watery- 

Rot of Tomato Fruits. 895-906 

Protein Synthesis by Azotobactef ; . 

O. W. Hunter.363-274 

Protein- 

feeding value, literature dted. 977-978 

mixtures from corn and various concen- 

trates, nutritive value. 971-978 

percentage of wheat, oats, and barley, effect 

of respiration. T04X-X048 

wheat, oats, and barley, percentage, effect 

of respiration uixin. xo4t-xo48 

Prune decoction, testing for pectinase pro¬ 
duction. 864-865 

The Pseudo-Antagonism of Sodium and 
Calcium in Dilute Solutions: H. S. Reed 
and A, R. C. Haas. 753-758 

(flumamm, life history of.607-630 

avenae, inoculation of oats, experi¬ 
ments. XOX 2 -ZOX 7 

biologic forms— 

on varieties of Avtna spp. xoxj-xoxS 

study of comparative morphology... 539-568 
durum wheat resistance, inheritance 

mode.979-998 

literature dted. xox 7-16x8 

spore formation discussion. 891 

frfftci, resistance to.4S7-*479 

Puccmiasirum americanutn, morphology and 

host relations. 885-894 

spp., host relations .885-894 

Quack grass, Iniury by Helminthosporium* 

spp. 1923(0-306). 642,667-670,675-677 

PytktacysHs ciirophthora, cause of dtrus gum- 

mosis, and control. X9z-ax3,226,338,331 

Radishes, growing in manganese soite, experi¬ 
ments. 784,786,787 

Raspberry, Injury hy. pHccmiastrum amen- 

catwm .885-894 

Rats, feeding experiments with milk and vel¬ 
vet beans... 434*’439 

Reaction, soil, cm Asotobacter, changing, 

effect of. 389-396 

Read, J.W^: Nutritive Value of the Gmgia 
Velvet Bean (StizUo^m dtermgianum ).. 433'‘44o 
Redtop, stem rust, study of biologic form.. 539-568 
Reed grass, wood, injury by Helminlhospor- 

mmeaitmarium . 6 T<y6ja 

Reed. H. S.. and Haas. A. R. C.:— 

Growth and Composition of Orange Trees in 

Sand and Soil Cultures.801-8x4 

The Pseudoantagottism of Sodium and 

Caldum in Dilute Solutions. 753‘’758 

Relation of Certain Soil Factors to the lnlei> 
tion of Oats by Loose Smut: LucUle K. Bar¬ 
tholomew, and Edith Seymour Jones... 589^575 
Relative Susceptibility of Citrus Fruits and 
Hybrids to Cladospofhm cUri Blassee: G. 

I4. Peltier and W. j. Frederidi.955-980 

Respiration, effect on proteiii percentage of 
wheat, oats, and barley. 1041-1048 


Rhhopus— Page 

nigricans, cause of sweet potato softrot, 

limitations... 441,445-458 

temperature limitations.i-7f9> 31,31-39 

spp.— 

causing decay of sweet potatoes. 44X‘*458 

eleven, spore germination, growth, and 

fruiting, stucfies. x-40 

growth, control by temperature, graphs.. 8-30 

temiwature relations. z-40 

triiici^ cause of sweet potato softrot, 

limitations. 44 i> 445*458 

pectinase prcxiuction, rclaaton to acidity, 

studies.881-876 

Rice- 

chlorosis, relation to nitrogenous ferti¬ 
lizers. 631 840 

leaf spot, cause, description, and control.... 643> • 

724-728 

Richards’ solution, use in pectinase studies, 

formula. 882-865 

Rocky Mountain trees, physiological require¬ 
ments.*..... 97 *‘x 84 

Rogue type, garden peas, inheritance 

studies.825-853 

**Rogues,'* garden pea, literature dted_... &3 

Roots, plant, excretion of organic acids. Zai 

Rosette, peach- 

infectious mosaic. 307-316 

transmission to other fruits, experiments. 3^8-314 

Rot— 

sweet-potato, organism producing, studies 861-877 
watery— 

of tomato fruits.895-906 

tomato, a form of Oaspara lactist nature 

and action....895*908 

Rots— 

fungous, temperatuire relatiQiis, studies and 

literature cited. x, 39-40 

parasitic, literature cited.905-906 

sweet potato, causes, studies.441-458 

Rubus strigosusi native host of Pucemeas- 

trum americannm, ... 885-887,888,893 

Rust- 

grain, biologic forms, statistical study... 539-588 

incubation period, studies. 6x3 

orange, raspberry injury.885-894 

rcsistcaice by Marquis-Kota wheat cross, 

study. 997-xoxa 

apores dissemination in upper air.600-60$ 

•tripe— 

life history studies.607-630 

resistance to drying.610-612 

viability, winter and summer, studies... 607- 
' 6x0^612 

Rusts, Uteratiure dted.893-894 

Rye— 

injury by Helminihosporium sathum. 694-700, 704 

stem rust, study of biologic fortn..539-588 

Saltbush, Australian, analysis sodium chlorid 

absorption. 53 

Sand, plants growing with and without man¬ 
ganese, experiments.;.. 79X-793 

Sap density, relation to transpiration rates, 

studies.. X 3 I-X 45 

Satsuma oranges, susceptibility to dtrus 

scab,notes. 058*958 

Scab, dtrus, susceptiidlity of dtrus fruits and 

hybrids. 95 f *959 

'Scald apple— 

oompOTm %i|th internal browning.178-179 

‘ ‘ cniise ‘ * miU^ 

downy mildew. 854 

oospores, treatment experimtnti. 854-855 

Scales, onion, extract, effect of White, Red, 

and Yellow, on smudge fungus. 1026 

Seterotmia HbeHuma, cause d dtnif gum- 

mosis.220-321,229,231 

Seed— 

cabbage, varietal resistance to Fusarium 

disease..... v;- * 84-87,89-73 

color, durum wheat esosseiL mtation to re- 

sistance to fHicdfria rmmmlr.979-998 

oonffisr, gerininatioa and growth habits, 
notes..,.4,;. 157*159 




















































































